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ABSTRACT
PART ONE
THE THERMAL D E C O M P O S I T I O N  OF NICKEL AND ZINC FLUORIDE
T E T R AHYDRATES
by
BRUCE A. LANGE
Nickel(II) fluoride tetrahydrate, N i F 2 ,4 H 20, d e c o m ­
poses in three steps when heated, the p r o d u c t s  d e pending  
upon the a t mosphere in w hich the d e c o m p o s i t i o n  occurs. In 
dry air or in dry argon there is an initial loss of three 
moles of water at about 125° and the m o n o hydrate, N i F 2 * H 20, 
is formed. At a p p r o x i m a t e l y  225° the m o n o h y d r a t e  loses water 
and h y d rogen fluoride and N i O H F •3 N i F 2 is formed. This c o m ­
pound loses an a d ditional mole of h y d r o g e n  fluoride at about 
430° and the final prod u c t  is a mixture of nickel fluoride 
and nickel oxide in a 3:1 mole ratio. In the p r e sence of 
water vapor the final d e c o m p o s i t i o n  p r o d u c t  is solely nickel 
oxide; the other steps are the same. Zinc fluoride t e t r a ­
hydrate, Z n F 2 '4H20, loses four moles of water at t e m p e ratures 
above about 75°, forming anhydrous zinc fluoride. The d e ­
compos i t i o n  schemes of both N i F 2 -4 H 20 and Z n F 2 *4H20 were 
deduced using dif f e r e n t i a l  thermal analysis, thermogravi- 
metric analysis, chemical analysis, X-ray d i f f r a c t i o n  and 
infrared spectroscopy.
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P ART TWO
THE CRYS T A L  A N D  M O L E C U L A R  STR U C T U R E  OF
B I S (O R T H O - A M I N O B E N Z O A T O )COPPER(II) , C u ( H „ N C „ H  .COO)„ 
------  2 6 4 2
by
BRUCE A. LANGE
B i s ( o r t h o - a m i n o b e n z o a t o ) c o p p e r ( I I ) , C u (H „N C .H C O O )_, 
------  2 6 4 2
crys t a l l i z e s  in the m o n o c l i n i c  space group P 2 1/c with cell
o
d i m e n s i o n s  a = 12.95(1), b = 5.25(1), c = 9.39(1) A, and 
P = 93.31(1)°. The structure was d e t e r m i n e d  using three- 
d i m e n s i o n a l  X-ray d i f f r a c t i o n  data g a t h e r e d  on m u l tiple-film, 
e q u i - i n c l i n a t i o n , i n t e g r a t e d  W e i s s e n b e r g  p h o t o g r a p h s  taken 
about two crystal axes. The intensities were read using a 
W e l c h  Densichron. Initial r e f i n e m e n t  was carried out with 
block d i a gonal least squares methods. S u b s e q u e n t  refin e m e n t  
with full m a t r i x  least squares calc u l a t i o n s  led to a final 
con v e n t i o n a l  R - f actor of 0.031. C o o r d i n a t i o n  about the 
copper is that of a d i s t o r t e d  octahedron. Four equatorial 
p o s i t i o n s  are o c c u p i e d  by two amino n i t rogens and two car- 
b o x y l a t e  oxygens wit h  bot h  the n i t rogens and oxygens in trans 
positions. The o c t a h e d r a l  c o o r d i n a t i o n  is com p l e t e d  in the 
axial p o s i t i o n s  by two carbonyl oxygens w h i c h  do not originate 
from the same ligands that oc c u p y  the e q uatorial sites. This 
b o n d i n g  c o n f i g u r a t i o n  g e nerates a structure in w h i c h  each 
copper in the (100) p lane is a t t ached to four other coppers 
via ca r b o x y l a t e  bridges to give a t w o - d i m e n s i o n a l  network 
c o i n c i d e n t  with the (100) plane. The Cu-0 and Cu-N d i stances
o
in the e q u a t o r i a l  plane are 1.973(5) and 2.024(7) A, while
o
the Cu-0 axial bond length is 2.415(5) A. S i g n i f i c a n t  h y ­
dr o g e n  b o n d i n g  is found in this structure and it serves to 
stre n g t h e n  the t w o - d i m e n s i o n a l  network. It is s u ggested  
that the t w o - d i m e n s i o n a l  p o l y m e r i c  c h a racter of C u ( H ^ N C g H ^ C O O ) ^  
accounts for its extreme i n s o l u b i l i t y  and high stability.
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PART ONE
THE THER M A L  D E C O M P O S I T I O N  OF NI C K E L  AND ZINC F L U ORIDE
T E T R A H Y D R A T E S
2PART ONE
I. INT R O D U C T I O N
D i r e c t l y  and indirectly, several studies have been
made on the thermal d e c o m p o s i t i o n  of nickel(II) fluoride
t e t r a h y d r a t e  but they have p r o d u c e d  co n f l i c t i n g  results.
K u r t e n a c k e r , Fi n g e r  and Hey'*' noted that nickel oxide is
formed when N i F 2 ‘4H20 is he a t e d  above 200° for a p r o l o n g e d
2
pe r i o d  of time. Van My, Peri n e t  and Bianco repor t e d  that 
N i F 2 ' 4 H 2 0  d e c o m p o s e s  to nickel(II) fluoride m o n o h y d r a t e  when 
heated at 78° and that the m o n o h y d r a t e  d e composes e x c l u s i v e l y  
to nickel fluoride when h e a t e d  to 220° in either v a c u u m  or 
air. In p r e p a r i n g  samples of nickel fluoride for heat ca-
3
p a c i t y  studies, C a t alano and Stout found that N i F 2 '4H20
loses three moles of w ater (at ca_. 120°) to form N i F 2 *H 2 0
and that, when the m o n o h y d r a t e  is heated to 400° in a stream
of h y d r o g e n  fluoride, the final mole of water is lost with
the r e s u l t i n g  f o rmation of pure a n hydrous nickel fluoride.
4
Recently, Patil and Secco e x a m i n e d  the thermal d e c o m p o s i t i o n  
of N i F 2 ‘4H20 and c o n cluded that b e t w e e n  110° and 220° all 
four m o l e c u l e s  of water of hy d r a t i o n  are lost with the s u b ­
sequent f o r mation of a n h ydrous nickel fluoride. It appears 
that this c o n c l u s i o n  was b a s e d  solely on t h e r m o g r a v i m e t r i c  
and d i f f e r e n t i a l  thermal analyses and no X-ray diffraction,  
i n f rared or chemical studies were r e p orted to c o n f i r m  the
3identity of the final product, w hich was reported as nickel 
fluoride. In this same paper Patil and Secco examined the 
thermal d e c o m p o s i t i o n  of Z n F 2 ’4H2G and found that between 
60° and 200° it d e c o m p o s e d  to zinc fluoride. These latter 
results are in general agreement wit h  those found in this 
s t u d y .
The purp o s e  of this work was to reexamine the t h e r ­
mal de c o m p o s i t i o n s  of nickel(II) fluoride t e t r a hydrate and 
zinc fluoride tetr a h y d r a t e  in dif f e r e n t  atmospheres. The 
various intermediates and produ c t s  e n c o u n t e r e d  in these 
reactions were isolated and c h a r a c t e r i z e d  through the use 
of X-ray di f f r a c t i o n  and infrared techniques in c onjunction  
with t h e r m o g r a v i m e t r i e , dif f e r e n t i a l  thermal and elemental 
a n a l y s e s .
4II. E X P E R I M E N T A L
A . S t a rting M a t e r i a l s
A n a l y t i c a l  grade 48% h y d r o f l u o r i c  acid ( B a k e r ) , r e ­
agent grade N i S 0 ^ - 6 H 20 (Fisher), reagent grade NaHCC>3 (Fisher) 
and c e rtified grade ZnCO^ (Baker and Adamson) were used w i t h ­
out further purification.
B. P r e p a r a t i o n  of NiCO^
P o w dered NaHCO^ (25 g, 0.39 mol) and p o w d e r e d 
N i S 0 ^ ' 6 H 20 (78.93 g, 0.30 mol) were each dis s o l v e d  in 200 ml 
of d i s t i l l e d  water. The two solutions were m ixed and a light 
green p r e c i p i t a t e  formed a c c o m p a n i e d  by the e v o lution of gas. 
The p r e c i p i t a t e  was remo v e d  by filtration, washed with d i s ­
tilled water, dried in air at room temper a t u r e  and ground to 
a fine powder.
C. P r e p a r a t i o n  of N i F 2 *4H20
N i F 2 '4H20 was p r e p a r e d  by the m e t h o d  of Kurtenacker, 
Finger and Hey'1'. F r e s h l y  p r e c i p i t a t e d  N i C 0 3 (13.01 g,
0.109 mol) was slowly added to 48% h y d r o f l u o r i c  acid (18 ml,
0.45 mol) wit h  a re s u l t i n g  viol e n t  ev o l u t i o n  of gas. The 
r e s u l t i n g  green solution was left to stand o v e rnight in air 
at r oom temperature, after w hich an a d ditional 8 ml of 48%
HF was added. Over a pe r i o d  of nine days the solution was 
e v a p o r a t e d  to dryn e s s  in air at room temperature. The r e ­
m a i n i n g  light green, crusty solid was ground to a fine powder.
5The r e a c t i o n  was carried out in a Teflon con t a i n e r  and the 
p r o d u c t  was stored in p o l y e t h y l e n e  to p r e v e n t  the formation 
of f l u o r o s i l i c a t e .
A n a l . Calcd for N i F 2 -4H20: F, 22,52; Ni, 34.79.
Found: F, 22.37, 22.00; Ni, 35.19, 35.19.
D. P r e p a r a t i o n  of Z n F 2 ’4H20
Z n F 2 * 4 H 20 was p r e p a r e d  by the general method of 
Kurtenacker, Finger and Hey'*'. A n h y d r o u s  ZnCC>3 was added in 
small amounts to a p p r o x i m a t e l y  30 ml of 48% h y d r o f l u o r i c  
acid. The reaction mixt u r e  was stirred in a p o l y e t h y l e n e  
c o ntainer and left to stand overnight. The following day 
addit i o n a l  HF was added and the m i x t u r e  was allowed to 
evaporate to dryness. The salt was ground and washed first 
wit h  95% ethanol and then w ith diethyl ether. The p r o d u c t
was dried in air at room temper a t u r e  and stored in a p o l y ­
ethylene container.
A n a l . Calcd for Z n F 2 *4H20: F, 21.66; Z n , 37.27.
Found: F, 22.49, 22.50; Z n , 37.77, 37.84.
E . A n a l y t i c a l  P rocedures
1. D e t e r m i n a t i o n  of Nickel and Zinc
Nickel and zinc were d e t e r m i n e d  g r a v i m e t r i c a l l y
5
by p r e c i p i t a t i o n  with an t h r a n i l i c  acid .
2 . D e t e r m i n a t i o n  of F l u oride
Fluoride was d e t e r m i n e d  by the gr a v i m e t r i c  lead 
6
c h l o r o f l u o r i d e  method .
6F . D i f f e r e n t i a l  Thermal Analyses
All d i f f e r e n t i a l  thermal a n a lyses (dta) were p e r ­
formed on a DuPont Diff e r e n t i a l  Thermal Analyzer, model 900, 
using a Diff e r e n t i a l  Scanning C a l o r i m e t e r  cell. Runs were 
made under both air and he l i u m  atmospheres, in the latter 
case a flow rate of 2 CFH was used. A te m p e r a t u r e  (T) 
scale of 2 mv/in. and a d i f f e r e n t i a l  thermal ( A T )  scale of
either 0.02, 0.04 or 0.08 mv/in. was used. In all runs a
o
h eat i n g  rate of 15 /min was used and te m p e r a t u r e  m e a s u r e ­
ments were made with a ch r o m e l - a l u m e l  t h e r m o c o u p l e  with the 
re f erence junction immersed in an i c e-water bath.
The results of the d i f f e r e n t i a l  thermal analyses 
p e r f o r m e d  on N i F 2 *4H20 in a he l i u m  atmo s p h e r e  and in the 
p r e s e n c e  of water vapor are given in Table I. The t e m p e r ­
atures given are those of the onset of the thermal pr o c e s s e s  
as d e t e r m i n e d  by the i n t e r section of a line drawn along the 
base line w ith a line drawn along that p o r t i o n  of the peak 
having a const a n t  slope. All peaks were endothermic. The 
m a g n i t u d e s  of the peaks are given in terms of AT; however, 
compar i s o n s  between peak m a g n i t u d e s  are only valid in the 
same t h e r m o g r a m  since this p r o p e r t y  is a function of sample 
size .
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D i f f e r e n t i a l  Thermal A n a l y s i s  of N i F 2 *4H20 
in He A t m o s p h e r e
T e m p e r a t u r e  AT
129° 3°
D i f f e r e n t i a l  Thermal A n a l y s i s  of N i F 2 ’4 H 20 
In Air (Vlater Vapor Present)
Te m p e r a t u r e  AT
132° 6°
506° 0.15°
G . Dynamic T h e r m o g r a v i m e t r i e  A n a l y s e s
Dynamic t h e r m o g r a v i m e t r i e  a n a lyses were carried out 
with a DuPont T h e r m o g r a v i m e t r i e  Analyzer, model 950. A n a l y ­
ses were p e r f o r m e d  under bot h  air and h e l i u m  atmospheres.
In the latter case a flow rate of 2 CFH was used w ith the 
gas flow d i r e c t e d  p a r a l l e l  to the surface of the sample.
The heat i n g  rate in all cases was 15°/min. A chrome1 - a l u m e l 
t h e r m o c o u p l e  w ith the ref e r e n c e  junction p l a c e d  in ice water 
was emplo y e d  for temper a t u r e  meas u r e m e n t .  Sample sizes of 
a p p r o x i m a t e l y  22 mg were used and the instr u m e n t  was set so 
that the per cent weight loss could be read directly.
The thermo g r a m s  of Z n F 2 ‘4 H 20 (dotted line) and
8N i F ^ - l H ^ O  (solid line) taken in h e l i u m  a t m o s p h e r e s  are shown 
in Fi g u r e  1. The t h e r m o g r a m  of the d e c o m p o s i t i o n  of 
N i F 2 *4H20 as carried out in air with w a t e r  vapor p r e s e n t  is 
shown in Figure 2. The solid line r e p r e s e n t s  the b e h a v i o r  
when the only w a t e r  vapor p r e s e n t  is that r e s u l t i n g  from 
the d e c o m p o s i t i o n  and the dotted line r e p r e s e n t s  the results 
of s u p p l y i n g  w ater v apor externally.
H . Isot h e r m a l  T h e r m o g r a v i m e t r i e  A n a l y s e s
Isot h e r m a l  t h e r m o g r a v i m e t r i c  analyses were carried
out on a r e c o r d i n g  t h e r m o b a l a n c e  similar to one d e s c r i b e d
7 8
by W e n d l a n d t  and m o d i f i e d  by K i n g s t o n  . Runs were p e r ­
formed under both air and argon atmospheres. Wit h  the argon 
a t m o s p h e r e  a flow rate of 4 CFH was used wit h  the gas flow 
di r e c t e d  p e r p e n d i c u l a r  to the surface of the sample. In 
those analy s e s  r e q u i r i n g  dry a t m o s p h e r e s  the air or argon 
was first pa s s e d  t h r o u g h  a D r i erite column. A c h r o m e l - a l u m e l  
t h e r m o c o u p l e  was used for te m p e r a t u r e  meas u r e m e n t .  Sample 
sizes of a p p r o x i m a t e l y  40 mg were used and all analyses were 
p e r f o r m e d  in p l a t i n u m  vessels. The results of the i s o t h e r ­
mal t h e r m o g r a v i m e t r i c  a n a lyses are given in Table II.
I . X -Ray Powder D i f f r a c t i o n  P h o t o g r a p h s
The X-ray p o w d e r  d i f f r a c t i o n  p h o t o g r a p h s  were made
o
wit h  nickel filtered copper ra d i a t i o n  ( A = 1.54178 A) in 
57.3 m m  Phil i p s  cameras. The samples were p l a c e d  in 0.3 mm 
glass c a p i l l a r i e s  and, in cases w here the samples were air- 
or w a t e r - s e n s i t i v e ,  these ca p i l l a r i e s  were filled and sealed
9Table II
Isothermal T h e r m o g r a v i m e t r i e  A n a l y s e s 3
Co m p o u n d
Formed
Found in DrYk 
Air or Argon
Found in Wet 
At m o s p h e r e s C a l c d .
d
N i F „ - H O  
2 2
c 31. 7 32 . 01
e
N i O H F •3 N i F 2 42 .69 42 .75 42 . 98
f
3 N i F 2 + NiO 45 . 96 - 45 . 94
. g
NiO - 54 .67 55 .72
a
As per cent weight loss from N i F 2 •4 H 20
b
A v e r a g e  of 3 d e t e r m i n a t i o n s
c . o
N i F ^ ‘H^O u n s table to p r o l o n g e d  heat i n g  at 125
d . o
N i F 2 *4H20 he a t e d  at 125
eN i F 2 -H20 he a t e d  at 250°
f o
NiOHF * 3 N i F 2 heated at 430
g o
N i O H F * 3 N i F 2 heated at 430 with water vapor
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Figure 1
TGA Curve for NiF2*4H20 and ZnF2*4H20 in Dry Atomspheres
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Figure 2
TGA Curve for N i F2*4H20 in Atmospheres Containing Water Vapor
0
External HjO  
Internal HoO
60
0 200 400 600 800 
TEMPERATURE, °C
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in glove bags u n d e r . a n  atmos p h e r e  of dry n i t r o g e n  . All p o w ­
der films were cor r e c t e d  for s h r inkage and the values for 
the interp l a n a r  spacings were c a l c u l a t e d  using the computer 
p r o g r a m  U N H - 2 8 ^ .  The i ntensities of the d i f f r a c t i o n  lines 
were est i m a t e d  v i s u a l l y  for q u a l i t a t i v e  i d e n t i f i c a t i o n  or 
read with a W elch D e n s i c h r o n  when greater p r e c i s i o n  was r e ­
quired .
J . Infrared Spectra
Infrared spectra in the 4000 - 200 c m ’ ^ range were 
obtai n e d  using a Beck m a n  IR-12 Spectroph o t o m e t e r .  In all 
cases the spectra were run using ce s i u m  iodide pellets.
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III. RESULTS AND D I S C U S S I O N
A. D i f f e r e n t i a l  Thermal A n a lysis of N i F 2 *4H20
The D i f f e r e n t i a l  thermal analysis curve re s u l t i n g  
from the thermal d e c o m p o s i t i o n  of N i F 2 *4H20 in a dry a t m o s ­
phere is very similar to that found for the d e c o m p o s i t i o n  
w hich takes p lace in the p r e s e n c e  of w ater vapor (see Table 
I ) . Both curves show a large en d o t h e r m i c  peak at a p p r o x ­
imately 130° w h i c h  u n d o u b t e d l y  marks the p oint at w h i c h  the
2 3
first three waters of h y d r a t i o n  are lost ' . After this
initial pea k  both curves are ne a r l y  featureless except that
the dta curve for the r e a ction taking place in an a t mosphere
co n t a i n i n g  w ater vapor does show the s u ggestion of a long
o
e n d o t h e r m i c  proc e s s  b e g i n n i n g  at about 500 .
B. T h e r m o g r a v i m e t r i c  A n a l y s i s  of N i F 2 *4H20 in Dry Air and 
in Dry He l i u m  or Argon
Dynamic t h e r m o g r a v i m e t r i e  analyses p e r f o r m e d  on
N i F 2 '4H20 show a rapid, major we i g h t  loss of a p p r o x i m a t e l y
o o
35% start i n g  at about 130 and c o n t i n u i n g  through 180 after
w hich there is a more gradual w e i g h t  loss of an addi t i o n a l
o o
8% up to a p p r o x i m a t e l y  650 . Above 650 there is no further 
we i g h t  change. The results of isothermal t h e r m o g r a v i m e t r i c
analyses are given in Table II and indicate that by heat i n g
o o o
N i F ^ M H ^ O  at 125 , 250 and 430 it is p o s s i b l e  to isolate
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three separate compounds. Chemi c a l  analysis of these c o m ­
pounds in c o n j u n c t i o n  w ith X-ray d i f f r a c t i o n  and infrared 
studies indicate that in the absence of w ater N i F 2 * 4 H 2 0  d e ­
composes in the fol l o w i n g  way:
o
123
N i F „ ‘4H_0 ------------ ^  N i F „ * H„0 + 3H O
2 2 2 2 2
o
240
N i F 2 -H20 ------------->  N i O H F - 3 N i F 2 + HF
o
430
N i O H F - 3 N i F 2 ------------->  3 N i F 2 + NiO + HF
Nickel (II) fluoride m o n o hydrate, NiF2*H20, is a
g r e e n i s h - y e l l o w  c o m p o u n d  that rapi d l y  picks up a t m o s pheric
water to q u a n t i t a t i v e l y  reform the t e t r a h y d r a t e . Nickel (II)
fluoride m o n o h y d r a t e  is not stable to p r o l o n g e d  heat i n g  at 
o
123 and can only be isolated in pure form if it is removed 
from the oven i m m e d i a t e l y  upon its f o rmation (as indicated  
by w e i g h t  l o s s ) . X-Ray po w d e r  d i f f r a c t i o n  p h o t o g r a p h s  show 
that N i F 2 * H 2 0  is amorphous. The infrared spectra is listed 
in Table IV and clea r l y  shows the p r e s e n c e  of water.
Anal. Calcd for N i F 2 'H20: F, 33.10; Ni, 51.83.
Found: F, 33.56, 32.83; Ni, 51.04, 50.84.
Ni O H F * 3 N i F 2  is formed when N i F 2 *H 2 0  is heated at
o
250 and is c o m p l e t e l y  stable at this temperature. This 
b r i g h t  y e l l o w  c o m p o u n d  is e x t r e m e l y  h y g r o s c o p i c  and has a 
v ery d i s tinct po w d e r  p a t t e r n  shown in Figure 3 and t a bulated 
in Table III.
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Figure 3
P owder D i f f r a c t i o n  Patterns ( D e b y e o g r a m s )
ZnF2 -4H20
1 1 L i
ZnFr
liilL
NiF2 -4H20
i in muui L i
NiOHF-3NiF2
i-UL
NiF2 + NiO
J LI 1.111.
NiF-
Li
NiO
DIFFRACTION LINES
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Table III
X-Ray Powder Diffraction Data for NiOHF*3NiF2 
o
hkl' A Intensity
2 .56 1 0 0
2.23 70
1.70 80
1.49 45
1.28 1 0
1 . 1 1 1 0
0 .90 2 0
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A n a l . Calcd for N i O H F •3 N i F 2 : F, 34.55; N i , 61.02.
Found: F, 34.42, 34.43; Ni, 61.92, 61.95.
The bands at 3500 cm ^ and 1055 cm ^ in the i n f r a ­
red spectra of this c o m p o u n d  are i n dicative of the hydroxo
g r o u p , a n d  thereby help to confirm its p r o p o s e d  identity.
4
It seems likely that Patil and Secco m i s t o o k  this m a t erial 
for nickel fluoride since the weight loss to this compound 
(42.98%) is very close to that expected for nickel fluoride 
(42.67%) .
H eating N i O H F - 3 N i F 2 at 450° results in the formation 
of nickel fluoride and nickel oxide in exactly a 3:1 mole 
ratio which further confirms the identity of N i O H F •3 N i F 2 . 
A l t h o u g h  powder d i f f r a c t i o n  studies show that each component 
is indepe n d e n t l y  present, this mixture exhibits prope r t i e s  
w hich suggest that the mix i n g  is very intimate. For e x ­
ample, it should be p o s s i b l e  to separate the fluoride from 
the oxide by d i s s o l v i n g  the former in hot water (the s o l u ­
bility of nickel fluoride is about 4 g/100 ml of water at 
25°), but such a sepa r a t i o n  was not p o s s i b l e  wit h  this final 
d e c o m p o s i t i o n  product.
A n a l . Calcd for 3 N i F 2  + NiO: F, 31.24; Ni, 64.36.
Found: F, 31.29, 31.18; N i , 65.21, 64.46.
In a n alyzing this compound the lead c h l o r o f l u o r i d e  method 
was not used, rather the compound was ignited to NiO in the 
p r e sence of water vapor.
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C. T h e r m o g r a v i m e t r i e  A n a l y s i s  of N i F 2 *4 H 2 0  in the Presence
of W ater Vapor
The d e c o m p o s i t i o n  of nickel(II) fluoride t e t r a hydrate 
in contact with water vapor is identical, in all but two 
respects, to the d e c o m p o s i t i o n  which takes place in dry 
a t m o s p h e r e s  (see Figure 2). Nickel (II) fluoride m o n o h y d r a t e 
is stable to p r o l o n g e d  heat i n g  at 125° when there is water 
vapor p r e s e n t  and at 430° d e c o m p o s e s  solely to nickel oxide 
rather than to a mixt u r e  of the fluoride and the oxide.
Two d i f f e r e n t  m e t h o d s  were used in exposing N i F 2 *4 H 2 0  
to water vapor during its decomposition. In the first m e ­
thod the only water in the r e a ction vessel was that which 
was ini t i a l l y  p r e s e n t  as the four waters of hydration, i_.e^ » 
the w ater was s e l f - g e n e r a t e d  by the nickel(II) fluoride 
tetrahydrate. In the second met h o d  water vapor was i n t r o ­
duced e x t e r n a l l y  by b u b b l i n g  argon through hot water and 
into the r e a ction chamber. W ith both methods the final 
p r o d u c t  was nickel oxide, but the oxide was found to form 
more r a p i d l y  when the w ater vapor was supplied externally.
As N i O H F * 3 N i F 2  d e c o m p o s e s  to nickel fluoride and nickel 
oxide, the nickel fluoride reacts with water to form nickel 
oxide and h y d r o g e n  fluoride. The r e a ction betw e e n  nickel
fluoride and water vapor to form nickel oxide has been pre-
. . , . , 1 2 , 1 3viou s l y  studied.
Presumably, the sweeping action of the dry air or 
argon used in the first part of this study removed all of 
the w ater vapor p rior to the d e c o m p o s i t i o n  of N i O H F * 3 N i F 2
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t hereby p r e v e n t i n g  the reaction between nickel fluoride and 
water vapor. This appears even more likely when it is noted 
that there is no water formed when N i O H F •SNiF^ d e c o m p o s e s  to 
nickel fluoride and nickel oxide, and that the time interval 
between 240° and 430° (ca. 15 minutes) is of sufficient  
length to ensure that the dry gases have flushed out any 
water vapor rem a i n i n g  from the first two d e c o m p o s i t i o n  steps. 
The p r e sence of water vapor appa r e n t l y  represses the d e c o m ­
po s i t i o n  of the monohydrate, ma k i n g  it stable at higher 
t e m p e r a t u r e s .
D. Infrared A n a l y s i s  of N i F 2 *4H20 and its D e c o m p o s i t i o n  
Products
The results of the infrared analyses are given in 
Table IV. Bands at a p p r o x i m a t e l y  230, 300 and 400 cm ^ are 
found in the spectra of all compounds studied and these 
peaks p r o b a b l y  arise from the various Ni-F stret c h i n g  and
4
bend i n g  modes. Patil and Secco also assign the band at 
500 cm ^ as a Ni-F mode, but the fact that this b and appears 
to shift to 570 cm ^ in the m o n o h y d r a t e  could be an i n d i ­
cation that it is r e s u l t i n g  from a Ni-0 mode. The band
found at 700 cm ^ with N i F 2 '4H20 p r o b a b l y  results from a
14 -1
wagg i n g  mode of water. Weak bands at 780, 800 and 810 cm ,
given by N i F 2 -4H 2 0, N i F 2 *H20 and N i O H F - 3 N i F 2  respectively,
are b e l i e v e d  to be ove r t o n e s  of the strong bands found at
392, 380 and 405 cm
The sharp, strong band e x h ibited by N i F 2 *4H20 at
Table IV
a
Infrared A bsorption Spectra
Compound
N i F 2 *4H20 3300 br 2360 1665 s - 895 780 700 500 - 392 303 225
N i F 2 *H20 3430 br - 1645 s 1035 vw - 800 - 570 - 380 300 230
N i O H F •3Ni F 2  3500 s - 1635 vw 1055 s - 810 - 405 295 240
N i F 2  - - - - _ _ _ _  4 4 5  3 7 5  285 225
a
Cesium iodide pellets used; vw, very weak; w, weak; s, strong; br, broad
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895 cm ^ is not found with any of the other compounds. It
is likely that this band is due to a rock i n g  mode of coor- 
14
d m a t e d  water.
The identity of N i O H F •3 N i F 2  is well s u b s t a n t i a t e d
by its i n f rared spectrum. The 1055 c m - 1  band is i n dicative
of hydr o x o  c o mpounds and results from the N i - O - H  bend . " ^
The 3500 cm "* band is sharper and hi g h e r  in f r e q u e n c y  than
the O-H s t r e t c h i n g  b and found wit h  w a t e r — a result that is
again i n dicative of an h y d r o x o  c o m p o u n d . ^  The absence of
a peak in the 16 0 0  cm ^ region strongly poi n t s  to the fact
that the bands at 3500 and 1055 cm ^ are indeed not due to
m o l e c u l a r  water.
As shown in Figure 4, the shapes of the 1665 and
3300 cm"^ peaks found for N i F 2 '4 H 2 0  (H-O-H bend and H-O-H 
15
stretch ) indicate that there are two types of w a t e r  in 
this compound, i,.e_. , the two waters are not equivalent. In 
e x a m i n i n g  the 1665 cm ^ peak, a strong, sharp peak can be 
seen s u p e r i m p o s e d  upon a broad, somewhat we a k e r  peak. 
Likewise, the b road band at 3300 cm"'*' is a c t u a l l y  compo s e d  
of two peaks, one at 3200 c m ’ ^ and the other at 3450 cm ^ . 
However, wit h  N i F 2 'H20 these c h a r a c t e r i s t i c s  d i s a p p e a r  and 
the b r o a d  peak at 1645 c m - 1  and the single p e a k  at 3430 cm"'* 
indicate the p r e s e n c e  of onl y  one type of w ater (see Figure 
5) .
The band at 2360 cm ^ found in the s p e c t r u m  of
N i F 2 ’4 H 2 0  is b e l i e v e d  to be a c o m b i n a t i o n  ban d  and this
a s s i g n m e n t  is in acco r d a n c e  with that made by Patil and 
4
S e c c o .
Figure 4
3300 and 1665 cm 1  Infrared Peaks
Found in N i F 2 *4 H 2 0
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Figure 5
3430 and 1645 cm ^ Infrared Peaks
F ound in N i F 2 *H 2 0
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E. T h e r m o g r a v i m e t r i c  A n a l y s i s  of Z n F 2 *4 H 2 0  in Dry 
A t o m s p h e r e  s
In c o m p a r i s o n  to the ma n n e r  in which N i F 2 -4H20 d e ­
composes, the d e c o m p o s i t i o n  of Z n F 2 *4H20 is quite s t r a i g h t ­
forward. Above 75°, Z n F 2 *4H20 loses all four waters with 
the r e s ulting formation of pure, anhydrous zinc fluoride.
This result p oses a very i nteresting question. If nickel(II)
fluoride t e t r a h y d r a t e  and zinc fluoride tet r a h y d r a t e  are
16i s o s t r u c t u r a l , as m a i n t a i n e d  by N i e rlich el: a_l. , why are 
the thermal d e c o m p o s i t i o n s  so m a r k e d l y  diffe r e n t ?  It is 
s u ggested that there is a difference in the structures of 
these two c o m p o u n d s - - a  diffe r e n c e  w hich is u n d e t e c t a b l e  in 
the powder d i f f r a c t i o n  patterns, but which does m a n i f e s t  
itself in the nature of the thermal decompositions.
PART TWO
THE CRYSTAL AND MOLECULAR STRUCTURE OF 
BIS(ORTHO-AMINOBENZOATO)COPPER(II), Cu(H2NCg
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PART TWO
I. I N T R O D U C T I O N
O r t h o - a m i n o b e n z o i c  acid (anthranilic acid) is an 
i m p ortant p r e c u r s o r  to trytophan, one of the twenty b i o l ­
o g i c a l l y  i m p ortant a - a m i n o  acids. In addition, it forms 
stable, highly insoluble compounds with n u m erous d i v a l e n t
and t r ivalent metals and may be used as a reagent for
17 18
q u a n t i t a t i v e  d e t e r m i n a t i o n s  of these metals. '
Several s p e c t r o s c o p i c  studies have been p e r f o r m e d
on the d i v a l e n t  metal o r t h o - a m i n o b e n z o a t e s  in an effort to
el u cidate their structures, but the results of these studies
19are at variance. Sandhu ejt al. p r o p o s e  a structure m
w h i c h  the o r t h o - a m i n o b e n z o a t e  acts as a trid e n t a t e  ligand,
giving rise to a d i s t o r t e d  o c t a h e d r a l  c o o r d i n a t i o n  about
2 0the central metal. K h a k i m o v  ejt al^. also conclude that
the c o mpounds have a d i s t o r t e d  o c t a h e d r a l  structure. Hill
21 2 2 
and Curran and Decker and Frye a d v ocate a square
pl a n a r  structure in w hich the o r t h o - a m i n o b e n z o a t e  is biden-
tate .
Thus the d e t e r m i n a t i o n  of this structure was u n d e r ­
taken with two o b j e c t i v e s  in mind: (1 ) to a s c ertain
u n e q u i v o c a l l y  the s t ructure of b i s ( o r t h o - a m i n o b e n z o a t o ) c o p ­
per (II) ; and (2) to use this d e t e r m i n a t i o n  as a starting 
po i n t  for a series of structural studies on the compounds
29
formed b e t w e e n  o r t h o - , m e t a - and p a r a - a m i n o b e n z o i c  acids and 
a v a r i e t y  of m e t a l  ions. The u l t i m a t e  goal of this study is 
to relate s t ructural and b o n d i n g  p r o p e r t i e s  of these acids 
to their b i o l o g i c a l  activities.
30
II. THE ME T H O D  OF C R Y S T A L  ST R U C T U R E  ANALYSIS
The proc e s s  of a crystal structure d e t e r m i n a t i o n  
c o n sists of a series of s uccessive steps wit h  each step d e ­
p e n d i n g  upon the a c c u r a c y  and pr o p e r  i n t e r p r e t a t i o n  of the 
p r e c e e d i n g  step. Thus, every stage of a structure d e t e r ­
m i n a t i o n  must be appr o a c h e d  with m e t i c u l o u s  care in order 
to ensure a successful analysis. A brief flow d i a g r a m  of 
the steps in a typical structure analysis is shown in 
Figure 6 .
The crystal selected for a structure d e t e r m i n a t i o n  
must m eet cert a i n  requirements. Of p r i m a r y  i m portance is 
that it be a true single crystal, i,-e_. , one devoid of any 
t w i n n i n g  or fractures. The crystal should be small enough 
to ensure that it is bathed in X-rays at all o r i e n tations 
and, if the m a t e r i a l  is air sensitive or prone to d e c o m ­
position, it m u s t  be sealed in a cap i l l a r y  under a suitable 
atmos p h e r e  .
Ha v i n g  m o u n t e d  the crystal on a glass fiber or in 
a capillary, one of the real crystal axes must be aligned 
to w i t h i n  5' of arc, p a r a l l e l  to the r o t ation axis of a 
g o n i o m e t e r — a device which allows o r i e n t a t i o n  of a crystal 
w i t h o u t  n e c e s s i t a t i n g  its removal or remounting. The p r o ­
p e r l y  aligned crystal is then ready for analysis by any of 
a nu m b e r  of d i f f r a c t i o n  techniques.
One of the most p o w e r f u l  tools for structure
J J.
Figure 6
Flo w  Diagram of the Structure D e t e r m i n a t i o n  Procedure 
for a Compound C o ntaining a Heavy Atom
Step Purpose
1. SEL E C T I O N  OF A SINGLE 
C RYSTAL
2. P R E L I M I N A R Y  PHOTOGRAPHS
3. D E TERMINE C R Y S T A L  DENSITY
4. COLL E C T  INTENSITY DATA
5. C A LCULATE PAT T E R S O N  MAP
6 . P O S TULATE TRIAL 
STRUCTURE
7. C A L C U L A T E  F O U R I E R  MAP
8 . R E F I N E M E N T  PROCEDURE
9. REFINED S T RUCTURE WITH 
ALL NON-H ATOMS LOCATED
10. C A L CULATE D IFFERENCE MAP
11. R E F I N E M E N T  P R OCEDURE USING 
AN OMALOUS DISPERSION, A N I S O ­
TROPIC TEMPERATURE FACTORS 
AND W E I G H I N G  SCHEMES
Determine crystal class, 
space group and unit cell 
constants
For use in d e t e r m i n i n g  Z, 
the number of molecules 
per unit cell
Determine the p o s itions of 
h eavy atoms in the unit 
cell
For use in c alculating 
p r e l i m i n a r y  phase angles
Determine other areas of 
high e l e ctron density
R efinement of the p o s i ­
tional and thermal p a r a ­
meters of the atoms
Locat i o n  of h y d r o g e n  atoms
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Figure 6 --Cont i n u e d
12. F INAL REFINED STRUCTURE  
WITH ALL ATOMS LOCA T E D
13. F INAL D I FFERENCE MAP Check for areas of high
electron d e n s i t y  that have 
not been acc o u n t e d  for
14. C A L C U L A T I O N  OF BOND D I S ­
TANCES AND ANGLES
15. THER M A L  E L L I P S O I D  DRAW I N G 
OF STRUCTURE
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a nalysis is the W e i s s e n b e r g  camera. This camera coordinates 
the rotation of a crystal into the d i f f r a c t i o n  condition 
( A =  2dj1]c-^sin 0 ) w ith a m o v e m e n t  of the r e c o r d i n g  film 
p a r a l l e l  to the axis of rotation. As a result, two types 
of m e a s u r e m e n t s  may be performed. The p o s i t i o n s  of the 
d i f f r a c t i o n  spots can be used for the d e t e r m i n a t i o n  of 
lattice constants, space group and crystal class. In a d ­
dition, the spot p o s i t i o n s  can be used for indexing, a p r o ­
cess of d e t e r m i n i n g  which crystal planes are giving rise to 
w hich di f f r a c t i o n  spots. On the other hand, it is the i n ­
tensities of the d i f f r a c t i o n  spots that prov i d e  the key to 
a s c e r t a i n i n g  the a r r a n g e m e n t  of atoms in the crystal.
Basically, two techniques are a v a ilable for the 
m e a s u r e m e n t  of d i f f r a c t i o n  intensities. The first involves 
m e a s u r i n g  the actual amount of d i f f r a c t e d  r a d i a t i o n  d i r ectly 
with a scinti l l a t i o n  or p r o p o r t i o n a l  counter. The second 
takes advantage of the fact that the amount of d a r k e n i n g  on 
a p h o t o g r a p h i c  film due to the i m p i n g e m e n t  of X-rays is 
linearly p r o p o r t i o n a l  to the strength of those X-rays. It 
is the latter technique that was e m p loyed in this d e t e r ­
mination. Two m o d i f i c a t i o n s  have been made on the W e i s s e n b e r g  
camera to increase the a c c uracy of i n tensity m e a s urements.
The first is an integr a t i n g  m e c h a n i s m  which spreads the 
spot over an area of a d justable size to create a p l a t e a u  of 
u n i f o r m  absorbance. The second m o d i f i c a t i o n  involves the 
use of m u l tiple films to record the d i f f r a c t i o n  spots. The 
rea s o n i n g  behind this m o d i f i c a t i o n  is as follows. A
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p a r t i c u l a r l y  strong r e f l e c t i o n  will saturate a film, j^ .e^ . , 
expose all of the silver in the e m u lsion with the result that 
all r e f l e c t i o n s  above a certain int e n s i t y  will give the same 
value of absorbance. However, the acetate base of a film 
acts as a filter, r e d u c i n g  the X-ray intensity by a factor 
of about 4. Thus, after a strong r e f l e c t i o n  passes through 
the first, second or third film (up to s e v e n ) , it is no 
longer strong enough to saturate a film and its i n tensity 
can be recorded. Then, by m u l t i p l y i n g  the u n s a t u r a t e d  i n ­
tens i t y  by the p r o d u c t  of the film absor p t i o n  factors of 
the i n t e r v e n i n g  films, the true in t e n s i t y  value can be a s ­
certained. The structure solution may be i n itiated after 
the in t e n s i t i e s  have been c o r r e c t e d  for: (1 ) a b s o r p t i o n
by the crystal, (2 ) factors r e s u l t i n g  from the partial 
p o l a r i z a t i o n  of the X-rays and (3) for d i f f e r e n c e s  in the 
amount of time each crystal spends in the d i f f r a c t i o n  c o n ­
dition (Lorentz f a c t o r ) .
X-Rays are waves and, as a result, the s e condary 
X -rays g e n e r a t e d  by the v a r i o u s  atoms in a crystal may be 
r e p r e s e n t e d  by vectors. The m a g n i t u d e  of the vector r e ­
flects the s c a t t e r i n g  p ower of the atom (as d e t e r m i n e d  by 
the number of e l e c t r o n s ) , and the d i r e c t i o n  of the vector 
r e p r e s e n t s  the phase d i f f e r e n c e  b e t w e e n  the se c o n d a r y  wave 
and a wave s c a t t e r e d  by h y p o t h e t i c a l  e l ectrons at the origin 
of the cell. The r e s u l t a n t  d i f f r a c t e d  wave for any set of 
pla n e s  (hkl) is m e r e l y  the vector sum of the wavel e t s  
s c attered by the i n dividual atoms. The phase of each w a v e l e t
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can be e x p r e s s e d  in terms of the p o s i t i o n  of the s c attering 
ato m  (x,y,z) and in terms of the h,k,l values of the d i f ­
f r a cting plane via the following relation:
6  = 2  n (hx+ky+lz)
U sing this formula it is then p o s s i b l e  to ca l c u l a t e  the
m a g n i t u d e  and phase of the res u l t a n t  ve c t o r  from a given
set of hkl planes due to j atoms at p o s i t i o n s  x., y. and
3 3
Z . :
3
IF, _ _ I = ((I f.cos2n (hx.+ky.+lz ) + ( I f sin2 n (hx +ky +lz )]hkll 3 3 3 j i -i -iU3
I f-sin2 n (hx+ky+lz)
a, , , = tanhkl
I fjCos2 n (hx+ky+lz)
where |F hkll t'ie amp l i t u d e  of the s t ructure factor, fj
is the s c a t t e r i n g  factor of the j atom, and aj1kl '*'s t*ie
p hase angle of the r e s u l t a n t  vector. This r e s u l t a n t  vector
is r e f e r r e d  to in c r y s t a l l o g r a p h y  as the s t ructure factor.
2
The q u a n t i t y  d i r e c t l y  p r o p o r t i o n a l  to the
int e n s i t y  of the r a d i a t i o n  being s c a ttered by the hkl plane. 
Thus, wit h  the above e q u a t i o n  it is p o s s i b l e  to calculate 
the intens i t i e s  of the d i f f r a c t i o n  spots a r i s i n g  from any 
given a r r a n g e m e n t  of atoms. It is important to note that 
l^^kll only the amp l i t u d e  of the structure factor. The
actual structure factor, , is a vector, the res u l t a n t
of j waves s c a ttered in the dir e c t i o n  of the hkl refle c t i o n  
by the j atoms in the unit cell. It is c o n v e n i e n t  to
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express F^kl in a l g ebraic form by using complex notation:
F, = I cos2 n (hx.+ky,+lz .) + i Z sin2n (hx,+ky,+lz.)
hkl 3 3 3  3 3 3
which may also be cast in the fol l o w i n g  expone n t i a l  form:
F = Z f . e ^ n ^(hx,+ky,+lz .)
hkl 3 3 3 3
Again, it must be r e m e m b e r e d  that F, , , is a vector and has
hkl
a phase angle a s s o c i a t e d  with it.
The ability to cal c u l a t e  i ntensities from a given 
a r r a n g e m e n t  of atoms is necessary, but it is also m a n d a t o r y  
to wor k  in the opposite direction, i_.;s., to c a lculate atomic 
p o s i t i o n s  from o b s e r v e d  intensities. The d i f f r a c t e d  wave 
is a p e r i o d i c  function, t h e refore w ith Four i e r  analysis it 
is p o s s i b l e  to find a series of sine and cosine terms which, 
when combined, will d u p l i c a t e  the re s u l t a n t  wave. To p e r ­
form this analy s i s  a F o u r i e r  t r a n s f o r m  is carried out on the 
structure factor e q u a t i o n  with the f o llowing result:
P(x,y,z) = l/v Z Z Z phkij cos2 n (hx+ky+lz- a ) 
h k l
where P(x,y,z) is the e l e c t r o n  d e n s i t y  at the p oint x,y,z, 
and V is the volume of the unit cell. Thus, by k n o w i n g  the 
structure factor a m plitude ( lF hkll ) and the structure f a c ­
tor phase angle ( a t h r e e - d i m e n s i o n a l  e l e ctronnKi
d e n s i t y  map (Fourier map) of the crystal can be generated.
At this p o i n t  d i f f i c u l t y  is encountered. It is 
simple enough to c a lculate |F^^| since it is mer e l y  p r o ­
po r t i o n a l  to the square root of the m e a s u r e d  intensity, ^ k l '
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but there is no way to measure the phase angle experimentally, 
This is the "phase problem." Thus, i n tensity m e a s u r e m e n t s  
yield only half the r e q uired amount of data.
To overcome this p r o b l e m  it is n e c e s s a r y  to p o s t u ­
late a trial structure and to use the phases c a l c u l a t e d  from 
the trial system as input to the e l e ctron d e n s i t y  equation.
In this work the h eavy atom me t h o d  was used to deve l o p  a 
trial structure. This method works on the a s s u m p t i o n  that, 
if one atom has a muc h  larger atomic scat t e r i n g  factor than 
the others, the p hase angle for the whole structure will be 
very close to that of the heavy atom alone. In some cases, 
the p o s i t i o n  of a h eavy atom may be deduced from an i n ­
spection of the space group symmetry, but in the m a j o r i t y
of structure analyses the heavy atom is located from a
2
P a t t e r s o n  map. To generate this map P^kll u s e d as the
c o e f f i c i e n t  in the e l e c t r o n  dens i t y  equation and, beca u s e  
2
lFhkll is d i m e n s i o n l e s s , the phase angle is not needed.
2
p (x,y,z) = 1/v z  z  z lFhkll cos2n (hx+ky+lz)
'  ’ h k l
The peaks of a P a t t e r s o n  map r e present i nteratomic vectors, 
e^.g. , if there are two atoms in a unit cell at x^, y^, z^ 
and x 2 , y 2 > z 2 ' there will be a peak found on the Pat t e r s o n  
map at u,v,w, where:
u = X 2 X 1
V = *2 - *1
w = z 2 - z r
The m a g n i t u d e  of a peak is p r o p o r t i o n a l  to the p r o d u c t  of
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the atomic numbers of the two atoms d e f i n i n g  the vector and, 
for this reason, the vector between two heavy atoms is readily 
identifiable. Because h eavy atoms are g e n e r a l l y  related by 
symmetry elements, the actual atomic coordi n a t e s  can u s u ­
ally be dedu c e d  from the vector. For example, if the two 
atoms are related by a center of symmetry, then x^ = - X £ , 
y^ = ~ y 2 and z ± = _z 2 • Therefore,
u = 2 x^ ; Xjl = u / 2
V = 2 y x ; Y i  = v / 2
w = 2 z^ ; z^ = w / 2 .
Having located a h eavy atom, the phase angles c a lculated
from the trial structure can be inc o r p o r a t e d  with the o b ­
served structure factor a m plitudes to generate the Fourier  
map. If the trial structure is r e a s o n a b l y  correct, the 
density map should reveal the pos i t i o n s  of other areas of 
high electron d e n s i t y  (atoms). These new atoms are then 
added to the trial structure to generate be t t e r  phases 
which, in turn, a llow the c a l c u l a t i o n  of better Fourier 
maps. Finally, the trial structure becomes the actual 
s t r u c t u r e .
The closer the trial structure is to the real 
structure, the closer the c alculated structure factor a m ­
plitudes, | F C | i  will be to the observed structure factor 
amplitudes, |Fq | . The value of |F C| depends upon either 
five or ten variables. There are three p o s i t i o n a l  p a r a ­
meters, one or six t e m p e r a t u r e  factors and a scale factor 
which is me r e l y  a c o n s t a n t  relat i n g  the absolute values
39
of |Fc| to the relative values of JFQ| . The r e f i n e m e n t  p r o ­
cedure uses least squares methods to m i n i m i z e  the quantity
I lFol - lFd i2
by refining the five or ten variables. It should be noted 
that there are five or ten var i a b l e s  for each atom so that 
the least squares proc e s s  may be called upon to refine h u n ­
dreds of variables.
A measure of the agr e e m e n t  betw e e n  |Fc| and |Fq| , 
an i ndication of the correctness of a structure, is afforded 
by a q u a n t i t y  called the residual index, R, where
r _ 1 lFol - iFcl 1
lF ol
Most well b e h a v e d  s t ructures exhibit an R-index of less than 
0 .1 .
The t e m p e r a t u r e  factor m e n t i o n e d  above takes into 
account the effect of thermal m o t i o n  upon the scattering 
p ower of an atom. If an atom is p o s t u l a t e d  as v i b r a t i n g  an 
equal distance in all direc t i o n s  (isotropic vibration), the 
corrected s c attering factor is given by the f o l lowing e x ­
p r e s s i o n  :
f f - B ( s i n 2  9 )/ K 2 
1  Io e
where B is the isotropic te m p e r a t u r e  factor and fQ is the 
atomic s cattering factor. A more rea l i s t i c  pict u r e  of 
thermal v i b ration is one in w hich the mo t i o n  of the atom 
is e l l i p s o i d a l  (anisotropic vibration) and, in this case,
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the scatt e r i n g  factor formula assumes the following form:
2 2 *2 2 *2 2 *2 * *
f = fQexp( - 2  n (U^ih a +U2 2 k b +U 3 3 1  c +2 Ui2 hka b
Jc 9e it it
+2U-j^hla c + 2 U23 klb c ))
where the first three U^j's descr i b e  the m a g n i t u d e s  of the 
p ri n c i p a l  axes of the thermal ellipsoids, and the last three 
U^j's d e s cribe the o r i e n t a t i o n  of the thermal e l l ipsoid 
relative to the crystal axes. U is defined as the mean 
square a m p litude of v i b r a t i o n  as expressed in angstroms.
The last stage of a structure d e t e r m i n a t i o n  g e n ­
erally involves the calcul a t i o n  of a diffe r e n c e  map. To 
p roduce this map the c o e f f i c i e n t  |F 0 | ” |F cl '*'s u s e ^ ;*-n
the e l e ctron d e n s i t y  equation instead of Any
r esidual e l e ctron dens i t y  is revealed by this ma p  and t h e r e ­
by serves two i m p ortant functions. First, it can be used 
to locate h y d r o g e n  atoms since the d e n s i t y  due to the 
single e l e ctron is u s u a l l y  insu f f i c i e n t  to be visible on 
the original Four i e r  map. Secondly, it serves as a check 
on the final p o s t u l a t e d  structure, for there should be no 
peaks on a final d i f f e r e n c e  map with a m a g n i t u d e  greater 
than that found for hydrogens. If indeed there is a large 
peak on the d i f f e r e n c e  map, it is likely that an atom has 
been impro p e r l y  located or that there is an atom w h i c h  has 
not been acc o u n t e d  for. This p r o p e r t y  of a d i f f e r e n c e  map 
also makes it useful in the intermediate stages of an a n a l y ­
sis .
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III. E X P E R I M E N T A L
A . S t a rting Mat e r i a l s
A n a l y t i c a l  grade C u S O ^ - S ^ O  ( M a l l i n c k r o d t ) and o r t h o - 
a m i n o b e n z o i c  acid (Eastman) were used w i t h o u t  further p u r i ­
fication. The p u r i t y  of the o r t h o - a m i n o b e n z o i c  acid was
2 3
c on f i r m e d  by its exc e l l e n t  m e l t i n g  p oint (146-147°).
17
B . P r e p a r a t i o n  of Sodium O r t h o - a m i n o b e n z o a t e  Reagent
O r t h o - a m i n o b e n z o i c  acid (3.0 g, 0.0218 mol) was d i s ­
solved in 22 ml of 0.1 N N a O H . The r e s u l t i n g  solution was 
filtered and then dilu t e d  to 1 0 0  ml wit h  d i s t i l l e d  water.
Small amounts of the o r t h o - a m i n o b e n z o i c  acid were added to 
the solution until it was just acid to litmus. The reagent 
was stored in a t i g h t l y - s t o p p e r e d ,  li g h t - p r o o f  c o ntainer 
under r e f rigeration.
C . P r e p a r a t i o n  of Single C r y stals of Bis (o r t h o - a m i n o b e n z o a t o ) 
Copper(II)
Single crystals of C u ( H 2 N C g H 4 C O O ) 2  were p r e p a r e d  by 
a m e t h o d  of d i f f u s i o n  m e n t i o n e d  by B u n n . ^  C u S O ^ - S l ^ O  
(0.1 g, 0.0004 mol) was d i s s o l v e d  in 10 ml of d i s t i l l e d  w ater 
and p l a c e d  in a 1 0  ml flask w hile 1 0  ml of sodium o r t h o - 
a m i n o b e n z o a t e  reag e n t  were p l a c e d  in a second 1 0  ml flask.
Both flasks were pla c e d  in a 250 ml b e a k e r  and submerged 
under 250 ml of d i s t i l l e d  water, ther e b y  a l l owing the two 
r e a c t a n t s  to diffuse toward each other through the aqueous
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medium. The small, dark green, d i a m o n d - s h a p e d  crystals 
formed p r e d o m i n a n t l y  in the copper sulfate flask and were 
remo v e d  by filtration.
D . D e t e r m i n a t i o n  of the Space Group, Uni t  Cell D i m e n s i o n s
and Density of C u ( H „ N C , H . C O O ) _
   2  6  4 ______ 2
P r e l i m i n a r y  W e i s s e n b e r g  p h o t o g r a p h s  showed the c r y s ­
tals to be monoclinic. S y s t e m a t i c  absences of hOl with 
I = 2n + 1, and OkO wit h  k = 2n + 1 i n d icated the space group 
P2^/c. Intensity statistics, res u l t i n g  from a c o m p a r i s o n  
of the o b s erved in t e n s i t i e s  with various avera g e d  values, 
indicate a c e n t r o s y m m e t r i c  structure further c o n f i r m i n g  P2^/c.
The unit cell d i m e n s i o n s  were d e t e r m i n e d  using zero 
level W e i s s e n b e r g  p h o t o g r a p h s  and r o t a t i o n  p h o t o g r a p h s
taken about (1 0 0 ) , (0 1 0 ) , and (0 0 1 ) wit h  nickel filtered
o
Cu-Ka rad i a t i o n  ( A = 1.54178 A ) . The computer p r o g r a m s
WEISS and ROTOSC (see A p p e n d i x  B) were used in e v a l u a t i n g
o
all cell constants. All m e a s u r e m e n t s  were made at 21 .
These d i m e n s i o n s  along with other p e r t i n e n t  crystal data
are given in Table V.
The o b s erved d e n s i t y  of C u ( H „ N C _ H . C O O )_ co r r e s p o n d s
2 b  4  2
to two formula units per unit cell. The d e n s i t y  m e a s u r e m e n t s
were made by p y c n o m e t r y  using an aqueous soap s o l ution of
k nown dens i t y  to ensure the w e t t i n g  of the C u ( H . N C cH . C O O ) _
2. d  4  2
p o w d e r .
E . Intensity M e a s u r e m e n t s
Intensity data for Cu (I^NCgH^COO)  ^  were g a t h e r e d
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Table V
Crystal Data for C u ( H 2 N C 6 H 4 C O O ) 2  
Monoclinic; P2^/c
12.95 (1) A V = 637.4 A 3
5.25(1) D = 1.75 g.m 3
.39(1) D = 1.749
x
93.3(1)° Z = 2
-3
cm
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w ith nickel filtered Cu-Ka r a diation ( A  = 1.54178 A) using 
multipl e - f i l m ,  e q u i - i n c l i n a t i o n , integrated W e i s s e n b e r g  
p h o t o g r a p h s  for layers 0-3 of a crystal m o u n t e d  on the 
b-axis, and layers 0-4 of a crystal moun t e d  on the c-axis.
The r e l a t i o n s h i p  of the crystal axes to the m o r p h o l o g y  of 
one of these crystals is d e p i c t e d  in Figure 7. Four Kodak 
No - S c r e e n  medical X-ray films were used for each layer, the 
average film a b s o r p t i o n  factor being 3.8(2) as calc u l a t e d  
using the p r o g r a m  FILMABS (see A p p e n d i x  B). The dimen s i o n s 
of the crystals were 0.07 x 0.18 x 0.11 mm and 0.06 x 0.15 x 
0.07 mm respectively, as referred to (100) , (010) , and (001) .
The i ntensities of the r e f l e c t i o n s  were m e a s u r e d  wit h  a 
W elch D e n s i c h r o n  for w h i c h  an 0.5 mm aperature was made.
The p h o t o m e t e r  was cali b r a t e d  with a standard d e n s i t y  wedge 
and the resulting c a l i b r a t i o n  curve was redu c e d  to a fourth 
order p o l y n o m i a l  by means of a p o l y n o m i a l  r e g r e s s i o n  t r e a t ­
ment .
The f o llowing p r o c e d u r e  was used in e v a l u a t i n g  the 
net relative i n t e n sities of the d i f f r a c t i o n  spots for each 
layer. Three m e a s u r e m e n t s  were taken for every r e f l e c t i o n - 
-two b a c k g r o u n d  m e a s u r e m e n t s  (one on either side of the spot) 
and a m e a s u r e m e n t  of the total i n tensity of the d i f f r a c t i o n  
spot. Each reading was c o rrected by the c a l i b r a t i o n  p o l y ­
nomial, then the two b a c k g r o u n d  i ntensities were averaged 
and subtr a c t e d  from the total int e n s i t y  to give the net 
intensity. This p r o c e d u r e  was repeated for those reflec t i o n s  
with s u fficient intensity to be visible on the second, third
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Figure 7
Crystal M o r p h o l o g y  of C u ( H 2 N C g H ^ C O O ) 2
c|> = 2 8 0 +c
Rotation Axis= b •  +a
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k 0.18mm---------- >|
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or fourth films of the m u l t i p l e - f i l m  configuration. However, 
these net intensities were then m u l t i p l i e d  by the a p p r o ­
priate film absor p t i o n  factors. Those intensities found 
on more than one film were averaged to give a final net i n ­
tensity. Each level of both crystals was treated in a 
similar fashion using the p r o g r a m  PREDUCE (see A p p e n d i x  B) 
and the i ntensities were corrected for Lorentz and p o l a r i ­
zation factors. Finally, the two sets of net relative
intensities were c r o s s - s c a l e d  and corr e l a t e d  using the
25
method of Hamilton. The value of the linear absorption 
coefficient, p , with copper r a d iation for Cu (H-jNCgH^OO) 2  
is 26.52 cm ^ and, in v iew of the small mag n i t u d e  of p t 
no corr e c t i o n  for a b sorption was made. A scale factor to 
place the relative i ntensities on an absolute scale and a 
value for the overall t e m p e rature factor, B, were derived
with a Wilson calculation. This Wi l s o n  ca l c u l a t i o n  involves
2 2 2 
pl o t t i n g  l n ( I r e l / £ fj ) versus sin 0 / A . The slope and
intercept of the res u l t i n g  line gives -2B and InC respectively, 
where B is the a f o r e m e n t i o n e d  overall te m p e r a t u r e  factor and 
C is p r o p o r t i o n a l  to the scale factor k. 445 non-zero 
re f l e ctions were recorded, a n o n -zero refl e c t i o n  being d e ­
fined as a d i f f r a c t i o n  spot visible on any film.
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IV. S O L U T I O N  AND R E F I N E M E N T  OF THE S T R UCTURE
S y m m e t r y  c o n s i d e r a t i o n s  and three-dim e n s i o n a l ,
sharpened P a t t e r s o n  functions were used in locating the
copper atom and two of the oxygen atoms. Due to symmetry
c onstraints inherent in the space group P2^/c and, because
there are two C u ( H 2 N C g H ^ C 0 0 ) ^  m o l e c u l e s  per unit cell (Z),
it was p o s s i b l e  to deduce the locations of the copper atoms
2  6
in the unit cell. In exa m i n i n g  the symmetry of P2^/c, 
it is found that there is one set of four general p o s i t i o n s  
(4e) and four sets of two special p o s i t i o n s  (2 a ,2 b ,2 c ,2d). 
Because there are two copper atoms per unit cell, they must 
occupy one of the sets of special positions. Furt h e r  e x a m ­
ination shows the four sets of special p o s i t i o n s  to be 
equivalent, the only d i f f e r e n c e  b eing in the s e l ection of 
the origin. Thus, the copper atoms were pl a c e d  on the 
p o s i t i o n s  0,0,0 and 0 , h , h (2a). The largest peak found 
on the P a t t e r s o n  map was at 0 , h , h ,  c o n f i r m i n g  the v a l i d i t y  
of the above reasoning. The second strongest peaks on the 
P a t t e r s o n  map arise from Cu-O vect o r s  and, beca u s e  one 
copper lies on the origin, the u , v , w  c o o r d inates of one 
Pat t e r s o n  pea k  are e q u i v a l e n t  to the x,y,z c o o r d i n a t e s  of 
the oxygen. There will be other Cu-0 peaks where this c o n ­
dition does not hold , b e t w e e n  a copper at 0 , h , h. and
an oxygen), but often the desired peak can be found.
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U sing the p hase angles calc u l a t e d  with the copper 
and two oxygens, the rem a i n i n g  n o n - h y d r o g e n  atoms were l o ­
cated on the t h r e e - d i m e n s i o n a l  Fourier maps. The initial 
re f i n e m e n t  of the structure was made using the least squares 
me t h o d  with a b l o c k  diagonal a p p r o x i m a t i o n  where only limited 
c o r r e l a t i o n s  b e t w e e n  p a r a m e t e r s  for the vari o u s  atoms are 
assumed. The r e f i n e m e n t  on all n o n - h y d r o g e n  atoms and their 
isotropic t e m p e r a t u r e  factors yielded an R-value of 0.056 
after four cycles of refinement. Further refinement, using 
full m a t r i x  least squares cal c u l a t i o n s  with an i s o t r o p i c  
t e m p e r a t u r e  factors for all n o n - h y d r o g e n  atoms and copper 
scat t e r i n g  factors c o rrected for anomalous dispersion, 
lowered R to 0.044. Ano m a l o u s  d i s p e r s i o n  d e s c r i b e s  an effect 
w h e r e b y  the w a v e l e t  of r a diation scattered by a h eavy atom 
u n d e r g o e s  a change in ma g n i t u d e  and a shift in p hase due 
to a b s o r p t i o n  effects in the s cattering atom. To correct 
for a n omalous d i s p e r s i o n  the following e q u ation is used:
_anom _ . . .
fQ = fQ + Af + lAf
where f is the no r m a l  scattering factor, and A f ' and A f ' 1 o 3
are the terms w h i c h  rep r e s e n t  the change in m a g n i t u d e  and
change in p hase respectively.
At this stage in the structure solution, a d i fference
map was g e n e r a t e d  and all six h y d rogen atoms were readily
located. The average amplitude of the h y d r o g e n  peaks was 
° 3
0.4 e / A " . An a d d i t i o n a l  three cycles of r e f i n e m e n t  (full 
m a t r i x ) , in c l u d i n g  these h y d rogen atoms to w h i c h  constant
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i s otropic te m p e r a t u r e  factors of 5.0 were assigned, gave a 
final R-value of 0.0307. In the final cycle the ratio of 
the largest shift in any of the p o s i t i o n a l  p a r a m e t e r s  to its 
es t i m a t e d  standard dev i a t i o n  was less than 0 . 3 — an i n dication 
that further r e f i n e m e n t  w ould not yield any s i g n i f i c a n t  i m ­
provement. A final diffe r e n c e  map showed no peaks wit h  an
o 3
i n t e n s i t y  greater than 0.29 e/A . During the proc e s s  of 
full m a t r i x  least squares refinement, a c o r r e l a t i o n  matrix  
was generated, the coef f i c i e n t s  of which indicate the amount 
of c o r r e l a t i o n  among the vari o u s  p o s i t i o n a l  and thermal p a r a ­
me t e r s  of the atoms. These coe f f i c i e n t s  can range from 0 
to ± 1 , the latter d e s c r i b i n g  cases in which two p a r a m e t e r s  
are c o m p l e t e l y  dependent. A c o r r e l a t i o n  m a t r i x  can indicate 
an improper s e l ection of space group by rev e a l i n g  symmetry 
e l e ments w hich were not thought present. For example, if 
the c o r r e l a t i o n  m a t r i x  demo n s t r a t e s  high c o r r e l a t i o n  c o ­
e f f i c i e n t s  b e t w e e n  all the p a r a m e t e r s  of two s u pposedly 
u n r e l a t e d  atoms, it is likely that they are a c t ually related 
by a center of symmetry. In this work the co r r e l a t i o n 
m a t r i x  showed no elements greater than 0.39. An error a n a l ­
ysis r e v e a l e d  no systematic errors as a function of either 
sin 0 or |FQ | . Syst e m a t i c  errors m a n i f e s t  them s e l v e s  as 
s y stematic shifts in results and may be inherent in the 
m e t h o d  of observation, the apparatus used or the observer. 
R a n d o m  errors, on the other hand, can be treated wit h  s t a ­
tistical methods. The error analysis also i n dicated that 
all but six re f l e c t i o n s  had | |Fq | - |FC| | / F Q less than
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twice the final R-value or j |FQ | - |FC| | less than one-half 
the JFq| value of the w e a k e s t  r e f l e c t i o n — again an i ndication  
of cons i s t e n t  results.
In both the b lock diagonal and full ma t r i x  least
9
squares p r o c e d u r e s  the function m i n i m i z e d  was j |Fo| - |FC | |
The atomic scatt e r i n g  factors for the n o n - h y d r o g e n  atoms were
2 7taken from those tab u l a t e d  by Hanson, while those for hy-
2 8drogen were taken from the paper of Stewart. Co r r e c t i o n s
for a n o malous d i s p e r s i o n  were made only for copper and the
values of Af' and A f '' (-2.15 and 0.75) were those given
2 9in a report by Cromer. The values of the refi n e d  p a r a ­
meters are given in Table T’l along with their e s t imated 
standard d e v i a t i o n s  (in parentheses). The full m a t r i x  least
squares r e f i n e m e n t  was p e r f o r m e d  with the ORXFLS-3 p r o g r a m
3 0of Busing ej: a^L. The National R e s earch Council of Canada
C r y s t a l l o g r a p h i c  P r o grams were used for all of the r e m aining
31
c o m p u t a t i o n a l  work. The thermal e l lipsoid drawing of
C u ( H 2 N C g H ^ C O O ) 2  was made using the p r o g r a m  O R T EP-II of 
3 2
Johnson. A summary of the stages in the r e f i n e m e n t  p r o ­
cedure is given in Table VII and a tabul a t i o n  of the o b s e r v e d  
structure factors and the final calcu l a t e d  structure factors 
is given in Table VIII.
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Table VI
Final P o s i t i o n a l  and Thermal P a r a m e t e r s a ' *3 
for C u ( H 2 N C 6 H 4 C O O ) 2
I
P osit i o n a l  and I s o tropic Thermal P a rameters
Atom X y z B
Cu 0 .0 0 0 0 0 (0 ) 0 .0 0 0 0 0 (0 ) 0 .0 0 0 0 0 (0 )
0 (1 ) 0.0340(4) 0.1858(10) 0 .1792 (5)
0 (2 ) 0.1273 (4) 0.2556(10) 0.3806(5)
N(l) 0.1032 (5) 0.7331 (13) 0.0714 (6 )
C(l) 0.1179 (6 ) 0.1708(14) 0.2568(7)
C (2 ) 0 . 2 1 1 2  (6 ) 0.0536(14) 0.1975 (8 )
C (3) 0.2037(6) 0.8404 (15) 0.1070 (7)
C (4) 0.2905 (7) 0.7388 (17) 0.0499(9)
C (5) 0.3871 (7) 0.8480(19) 0.0819(10)
C (6 ) 0. 3957 (7) 0.0524 (21) 0.1727(10)
C (7) 0.3094(6) 0.1543(18) 0.23.2(8)
H(l) 0.119 (7) 0.621(18) 0 .0 1 0 (1 0 ) 5.0
H (2) 0.074 (8 ) 0.691(19) 0.146(10) 5.0
H (4) 0.287 (7) 0.601 (18) 0.987(9) 5.0
H (5) 0.449 (7) 0.787(19) 0.033(9) 5 . 0
H (6 ) 0.462 (7) 0.134 (18) 0.202 (9) 5.0
H (7) 0.313(8) 0.275(19) 0.299(10) 5 . 0
Table V I — Continued
II
4 ° 2 .
Anisotropic Thermal Parameters (xlO A )
Atom
U 1 1 U 2 2 U 3 3 U 12 U 13 U 23
Cu 226.0( 8.5) 159.1( 8.7) 153.3 ( 7.6) 16.7( 7.4) - 1 5 . 4( 2.8) -3.0 ( 6.1)
0 (1 ) 209.9(29.6) 223.4( 33.5) 164.0(27.2) -0.7 (13.4) -4.9 (11.4) 0.7 (12.7)
0 (2 ) 342.8(33.9) 277 . 7 ( 33.6) 180.0(27.6) 6.4(14.1) -8.9(12.3) -56.2(13.2)
N(l) 200.6 (38.1) 215.5( 45 .1) 202.7(42.8) 10.1(15.8) 17.5 (16.3) -5.6(15.0)
C{1) 232.8 (45.7) 81. 9 ( 51.4) 221.4 (41.4) 16.5 (19.6) 8  . 6(17.8) 19.2 (19.1)
C (2) 221.8 (41.5) 96.0 ( 67 .3) 160.0(38.8) 2.1(18.0) 9.2(15.0) 26.1 (17.8)
C (3) 220.9(46.6) 173.3( 51.4) 137.2 (40.1) -7.2(20.6) -7.7 (16.6) 42.0(19.0)
C (4) 345.4 (54.2) 258.9 ( 55 . 7) 310.6(50.3) 62.7(22.5) 19.3(21.5) 8.1 (20.3)
C (5) 235.3(55.0) 487.0 ( 6 6 .8 ) 402.8 (58.4) 24.6(25.8) 19.3(22.1) -22.6 (27.3)
C (6 ) 265.8(51.6) 517.6(100 .7) 428.2(53.9) -12.0(27.2) 14.1 (20.9) 0.6 (27.4)
C (7) 258.2(49.9) 339.1 ( 58.1) 245.5 (47.2) -25.4(24.1) -7.7 (19.3) -8.9(21.7)
The anisotropic thermal parameter is defined as:
2 2 *2 2 *2 2 *2 * *  * *  * *  
f = fQexp ( - 2 n (U^^h a t t ^ k  b +u3 3 l c + 2 Ui2 hka b +2 U^3 hla c +2 U 2 3 klb c )]
^ E s t i m a t e d  standard deviations are given in parentheses, x, y, and z are fractional 
coordinates
Table VII 
Summary of Refinement Stages
Atoms
Method of 
Atom 
Location
Method of 
Refinement
Temperature
Factors
Cycles of 
R efinement R-value
Cu Patterson Isotropic 0 0.5360
C u , 0 ( l ) ,0(2) Patterson B l k . D i a g . Isotropic 1 0.2939
C u , 0 ( 1 ) , 0 ( 2 ) , C ( 1 ) , 
C (2 ) , C ( 3 ) , N (1) Fourier B l k . D i a g . Isotropic 2 0.2225
All non-H-atoms Fourier Blk. D i a g . Isotropic 5 0.0565
All non-H-atoms Fourier Blk. D i a g . Anisotropic 4 0.0475
Cu(anom. disp.)» 
All non-H-atoms Fourier Full Matrix Anisotropic 3 0.0436
Cu(anom. d i s p .), 
All atoms Difference Full Matrix Isotropic for H- 3 
atoms, Anisotropic 
for non-H-atoms
0.0307
in
10
Table VIII
Ca l c u l a t e d  and O b s e r v e d  Structure Factors  
for C u ( H 2 N C 6 H 4 C O O ) 2
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V. RESULTS AND D I S C U S S I O N
The contents of one unit cell for Cu (I^NCgH^COO) 2  
are shown in Figure 8  and the c o o r d i n a t i o n  around copper is 
shown in Figure 9* Each copper atom has dis t o r t e d  o c tahedral 
coordination. Each o r t h o - a m i n o b e n z o a t e  group functions as 
a t r i d e n t a t e  ligand but the three sites of attac h m e n t  on 
the ligand are not a s s o c i a t e d  w ith the same copper atom.
The amino nitrogen, N(l), and the carbox y l a t e  oxygen, 0(1), 
coord i n a t e  the copper e q u a t o r i a l l y  and are cis to each other. 
The axial p o s i t i o n s  of the d i s t o r t e d  o c tahedron are o c c upied 
by two c a r bonyl oxygens, 0 (2 ), each of w hich belo n g s  to a 
d i f f e r e n t  o r t h o - a m i n o b e n z o a t e  ligand, the ligands being r e ­
lated by the center of symmetry at the copper atom. Thus, 
four o r t h o - a m i n o b e n z o a t e  residues are a ssociated wit h  each 
copper. The result of this mode of coor d i n a t i o n  is that 
each copper in the (1 0 0 ) p lane is a t t ached to four other 
coppers via c a r b o x y l a t e  brid g e s  to give a two- d i m e n s i o n a l  
p o l y m e r i c  sheet structure c o i n c i d e n t  with (100). This two- 
di m e n s i o n a l  netw o r k  is il l u s t r a t e d  in Figure 10. This 
a r r a n g e m e n t  is similar to one found in copper g a m m a - a m i n o -
bu t y r a t e  dih y d r a t e  where the entire m o l ecule serves as a 
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bridge. The aromatic rings of the o r t h o -a m i n o b e n z o a t e
extend in a nearly p e r p e n d i c u l a r  ma n n e r  on either side of 
the sheets and may prov i d e  lateral stability. The pol y m e r i c  
structure m a y  be the source of the extreme ins o l u b i l i t y  of
C ontents
X  0(2)
Cu _.<r
*<►♦*0(2)
Cu
0 (2) .+ +
0 (2 ) ^ * *  i
U1
00
Figure 9
C o o r d i n a t i o n  Around Copper in Cu(H^NCgH^COO)
*
^  "89.4
C(5)
C(6)
0(2) o
Polymeric
(1)0 0
(2)0 O
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the compound.
In this structure h y d r o g e n  b o n d i n g  is found betw e e n
the amino nitrogen, N(l), and a carbonyl oxygen, 0(2), in
an a d j acent m o l e c u l e  and is r e p r e s e n t e d  by the dotted lines
o
shown in Figure 10. The N(l)-0(2) distance is 3.155(8) A
and the N ( l ) - H ( l ) •••*0(2) angle is 162(8)°. This length is
well w i t h i n  the range found for h y d r o g e n  bonds formed between
o
amine groups and oxygen (2.57-3.22 A ) . The angle b eing with- 
o
in 30 of a straight line further confirms that it is a
34
s a t i s f a c t o r y  h y d r o g e n  bond. Thus, the h y d rogen bonding
pr o v i d e s  addi t i o n a l  c r o s s - l i n k i n g  in the pol y m e r i c  netw o r k  
and, in c o n j u n c t i o n  with the b r i d g i n g  configuration, d e t e r ­
m ines the p a c k i n g  of the structures. It is in t e r e s t i n g  to 
note the impo r t a n c e  of h y d r o g e n  b o n d i n g  in crystal structures 
because, if h y d r o g e n  bonds are present, they usua l l y  d e t e r ­
mine the actual structure. Therefore, it is i m portant that 
trial struc t u r e s  conf o r m  to r e a s o n a b l e  h y d rogen bond i n g
schemes, as is the case w i t h  the structure of Cu(H„NC._H.COO)„2 6  4 2
In Table IX are listed the bond d i s tances and angles
found in b i s ( o r t h o - a m i n o b e n z o a t o )c o p p e r ( I I ) . The axial bond
o
length of Cu-0(2) (2.415 A) is n o t i c e a b l y  longer than the
o
equa t o r i a l  bond lengths of Cu-O(l) (1.973 A) and Cu-N(l) 
o
(2.024 A), as w o u l d  be e x p ected wit h  the J a h n - T e l l e r  effect
in operation. The C-0 dis t a n c e s  in the carbonyl group are
o
s i g n i f i c a n t l y  d i f f e r e n t  ( C (1)-0(1)=1.276 A, C(l)- 0 ( 2 ) =  
o
1.244 A), an i n d i c a t i o n  that the p_i d e l o c a l i z a t i o n  b e t w e e n  
these two bonds is not e q u a l — u n d o u b t e d l y  a co n s e q u e n c e  of
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Table IX
a
Bond D i s t a n c e s  and Angles in Cu(H-NC-H.COO)
2 6  4  2£ b a
Distances
o
(A)
Cu 0 (1 ) 1.973 (5) C (5) --  C (6 ) 1.371(14)
Cu •*•• 0 (2 )b 2.415 (5) C (6 ) --  C ( 7 ) 1.381 (12)
Cu ----- N (1) 2 .024 (7) C (7) --  C ( 2 ) 1.396 (11)
C(l) -- 0 (1 ) 1.276(8) N(l) --  H (1) 0 . 8 6 (9)
C(l) -- 0 (2 ) 1.244(8) N (1) --  H ( 2 ) 0.85(10)
C(l) -- C (2) 1.492(10) C (4) --  H (4 ) 0.93(9)
C ( 2 ) -- C (3) 1.405(10) C (5) -- H (5 ) 1.00(9)
C ( 3 ) -- N (1) 1.439(10) C (6 ) --  H ( 6  ) 0.98(9)
C ( 3 ) -- C (4) 1.380(11) C (7) --  H ( 7 ) 0.90(10)
C ( 4 ) -- C (5) 1.393 (12)
Table IX--Continued
a
Bond Distances and Angles in Cu (I^NCgH^COO) 2
Angles (deg.)
0 (1 ) Cu N(l) 87.1 (2 ) C (3) --  C (4) --  C (5) 119.9 (7)
0 (1 ) ---- Cu •• • 0 (2 ) 89.4 (2) C (4) --  C (5) --  C (6 ) 119.7 (8 )
0 (2 ) ••• Cu ---- N(l) 93.8(2) C (5) --  C (6 ) --  C (7) 120.8(9)
Cu 0 (1 ) C(l) 126.7 (4) C (6 ) --  C (7 ) --  C (2 ) 120.7 (8 )
0 (1 ) --  C (1 ) -- 0 (2 ) 123.1 (7) H (1) --  N (1) --  H (2 ) 121(9)
0 (1 ) --  C (1 ) -- C (2) 119.6(6) C (3) --  C (4) --  H (4) 123 (6 )
0 (2 ) --  C (1 ) -- C (2) 117.4(6) C (5) --  C (4) --  H(4) 117 (6 )
C(l) --  C (2 ) -- C (3) 1 2 1 .7 (6 ) C (4) --  C (5) --  H (5 ) 120 (5)
C(l) --  C ( 2 ) -- C (7) 120.4(7) C ( 6 ) --  C (5) --  H (5 ) 120 (5)
C (3) --  C (2) -- C (7) 118.0 (7) C (5) --  C (6 ) --  H ( 6  ) 124 (5)
C (2) --  C (3) -- N(l) 118.8 (6 ) C (7) --  C (6 ) --  H ( 6 ) 115(5)
C (4) --  C ( 3 ) -- N(l) 120.3 (7) C (6 ) --  C (7 ) --  H ( 7 ) 123(6)
C (2) --  C (3) -- C (4) 120.9 (7) C (2) --  C (7 ) --  H(7) 116 (6 )
aEstimated standard deviations are given in parentheses and are calculated from 
those derived for the positional parameters
The dotted line represents a bond between a copper atom and the carbonyl 
oxygen of a ligand attached to a different copper atom
6b
the bond i n g  configuration. The C ( l ) - 0 ( 2 ) - C u  and C ( 3 ) - N ( l ) - C u
o o 2 3
bond angles (126.30 and 112.1 ) support sp and sp h y b r i d ­
ization of 0(2) and N(l) respectively. However, the 126.7° 
ma g n i t u d e  of the C ( l ) - 0 ( 1 ) - C u  angle is somewhat larger than
3
that e x p ected for sp h y b r i d i z a t i o n  and may result from the 
r i g idity of the organic ligand or partial pjl delocalization. 
The Cu-N(l) and Cu-0(1) d i stances and the N(l)-Cu-0(1) angle
are c o mparable with the c o r r e s p o n d i n g  average values, 2.00(8),
0
1.96(6) and 84 , o b t ained from a large number of reported
3 5copper(II) complexes with amino acids and peptides. The 
p l a n a r i t y  of the two amino n i trogens and the two c a r b o xylate 
oxygens is r e q uired by symmetry, i_.<2. , the center of s y m ­
m etry located at the copper atom. This plane is defi n e d  by 
the normal equation: 0.7452X + 0.4897Y + 0.4374Z = 0.0,
where X, Y and Z are the o r t h o g o n a l i z e d  atomic c oordinates 
in angstroms and the c o e f f icients are the dir e c t i o n  cosines 
of the normal to the plane. The distance of any point from 
the plane is given by the relation:
P. = 0.7452X+ 0.4897Y + 0.4374Z.1
Thus, the d i s tance of the carbonyl oxygen from this p lane is 
2.410 A.
A thermal ellipsoid draw i n g  of one m o l e c u l e  of
C u ( H „ N C cH.C00) is d e p icted in Figure 11, the axial oxygens,
2 o Q 2.
0 (2), having been omitted since strictly speaking they are 
not part of the molecule. In this draw i n g  each atom is r e ­
p r e s e n t e d  as an ellipsoid, the d i m e n s i o n s  of w h i c h  show the
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Figure 11
Thermal Ell i p s o i d  Drawing of Cu(H NC,H C O O ) _
2 D 4  2
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extent of a n i s o t r o p i c  v i b r a t i o n  for the atom. A number of 
i n t e r e s t i n g  features are r e v e a l e d  in this drawing. Those 
atoms on the o u t s k i r t s  of the molecule, _i.£. , C(4), C(5),
C(6), exhi b i t  large thermal d i s placements, g e n e r a l l y  with 
the largest d i m e n s i o n  of the e l l i p s o i d  o r i e n t e d  p a r a l l e l  to 
a bond. As the number of b onds to an atom increases (bonds 
to h y d r o g e n  not included), the m a g n i t u d e  of the thermal 
v i b r a t i o n  d e c r e a s e s  and the el l i p s o i d  becomes more spherical 
in shape. This effect is p a r t i c u l a r l y  p r o n o u n c e d  for C(3) 
and C ( 7 ) , each of w hich is a t t ached to three other atoms.
On the other hand, 0(2) exhibits extensive thermal mo t i o n  
in what appears to be a w a g g i n g  mode. This large thermal 
d i s p l a c e m e n t  of the 0(2) w o u l d  seem to indicate that it is 
not that s t r ongly b o n d e d  to copper or, at any rate, not as 
strongly as are N(l) and 0(1) whose thermal ellip s o i d s  are 
m a r k e d l y  smaller. The thermal m o t i o n  of the copper is clearly 
related to the nature of its coordination. The long axis of 
the thermal e l l i p s o i d  is d i r e c t e d  towards the axia l l y  c o ­
o r d i n a t e d  0(2) a t o m s - - a g a i n  a p r o b a b l e  i ndication that the 
axial bonds are w e a k e r  than the e q uatorial bonds. The other 
two p r i n c i p a l  axes are much shorter and nearly equal in length 
and they lie in the p lane d e f i n e d  by the four e q u a t o r i a l l y  
c o o r d i n a t e d  atoms. However, unlike the case w i t h  the long 
axis, the shorter axes are d i r e c t e d  b e t w e e n  rather than 
along the bonds.
Cu(H NC H COO) is one of a rare group of copper- 
2 6 4 2
amino acid co m p l e x e s  where b o t h  oxygens of the ca r b o x y l a t e
7 D
group are active in bonding. Other examples include
3 6
copper(II) g l u t a m a t e  dihydrate, g l y c y l g l y c y l g l y c i n a t o -
O *7
copper (II) c h l oride s e s q u i h y d r a t e , d i a m m i n e ( o r t h o - p h t h a l a t o )
3 8  ^^
c o p p e r ( I I ) , copper g a m m a - a m i n o b u t y r a t e  and the dihydrate. J
However, b i s ( o r t h o - a m i n o b e n z o a t o ) c o p p e r (I I ) is unique in that 
each carbonyl oxygen, 0(2), comes from a dif f e r e n t  ligand.
The p o w d e r  d i f f r a c t i o n  p a t t e r n  of b i s ( o r t h o -amino- 
b e n z o a t o )zinc (1 1 ) is ext r e m e l y  similar to, but not identical 
w i t h  that of the copper complex. The same also holds true 
for the nickel and cobalt complexes with o r t h o - a m i n o b e n z o i c  
acid. Intuitively, one would surmise that the Zn-0(2) d i s ­
tance is shorter than the Cu-0(2) d i s tance and that the Zn-0(2)
o
di s t a n c e  has a m a g n i t u d e  of ca. 2.0 A, giving rise to u n d i s ­
torted o c t a h e d r a l  coordination. This suppos i t i o n  is borne
3 9 4 0out m  par t  by studies made of copper, and nickel b e t a -
alanine h e x a h y d r a t e s  where the axial Cu-0 and Ni-0 d i stances
o
were 2.53 and 2.17 A respectively. P r e l i m i n a r y  inv e s t i g a t i o n s  
have shown that b i s ( o r t h o -aminoben z o a t o ) z i n c ( I I )  also belongs 
to the space g r o u p  P2^/c and that it has lattice constants
v ery similar to those of the copper compound. Further
studies have bee n  h a m p e r e d  by the t e n d e n c y  of the zinc c o m ­
pl e x  to form twin crystals.
A P P E N D I X
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A. A t t e m p t e d  Structure A n a lysis of 
B is(p a r a - a m i n o b e n z o a t o )d i a q u o c o p p e r (I I ), 
C u ( H 2 N C 6 H 4 C O O ) 2 •2 H 20
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A . E x p e r i m e n t a l
1. Starting Mat e r i a l s
A n a l y t i c a l  grade C u S O ^ ’Sl^O ( M a l l i n c k r o d t ) was 
used w i t h o u t  further purifi c a t i o n .  C e r tified grade p a r a - 
a m i n o b e n z o i c  acid (Fisher) was recryst a l l i z e d  twice from 
hot ethanol and air dried at room temperature.
4
2. P r e p a r a t i o n  of So d i u m  P a r a - a m i n o b e n z o a t e  Reagent 
P a r a - a m i n o b e n z o i c  acid (3.0 g, 0.0218 mol) was
d i s s o l v e d  in 22 ml of 0.1 N NaOH. The resulting solution 
was filtered and then d i l u t e d  to 1 0 0  ml with d i s t i l l e d  water. 
Small amounts of the p a r a -amino b e n z o i c  acid were added to the 
solution until it was just acid to litmus. The reagent was 
stored in a t i g h t l y - s t o p p e r e d ,  light-proof container under 
refrigeration.
3. P r e p a r a t i o n  of Single Crystals of B i s ( p a r a - 
a m i n o b e n z o a t o )d i a q u o c o p p e r (I I )
Single cryst a l s  of Cu(H HC.H C O O ) _ * 2H_0 were pre-
2  6  4  2  2
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p a r e d  by the me t h o d  of d i f f u s i o n  m e n t i o n e d  by Bunn.
C u S O ^ ' S J ^ O  (0.084 g, 0.00034 mol) was dis s o l v e d  in 10 ml of 
d i s t i l l e d  w ater and p l a c e d  in a 1 0  ml flask while 1 0  ml of 
sodium p a r a - a m i n o b e n z o a t e  reagent were placed in a second 
10 ml flask. Both flasks were placed in a 250 ml beaker and 
s u bmerged under 2 0 0  ml of d i s t i l l e d  water, thereby allowing 
the two r e actants to diffuse toward each other thro u g h  the 
aqueous medium. The large, dark green, n e e d l e - s h a p e d  c r y s ­
tals formed p r e d o m i n a n t l y  in the copper sulfate flask and
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were remo v e d  by filtration. The long needles were cut p e r ­
p e n d i c u l a r  to the long axis to form small sections which 
could then be moun t e d  for the crystal structure analysis.
The d i m e n s i o n s  of the crystals were 0.15 x 0.15 x 0.09 mm 
and 0.10 x 0.14 x 0.14 mm, as r e f erred to [100] , [010) and 
(0 0 1 ) .
A n a l . Calcd for C u ( H 2 N C 6 H 4 C O O ) 2 *2 H 2 0 : C, 45.21;
H, 4.30; N, 7.53.
Found: C, 45.18, 45.18; H, 4.15, 4.15; N, 7.54, 7.62.
4. D e t e r m i n a t i o n  of Unit Cell Dimensions, Density
and E x t i n c t i o n  Condi t i o n s  for Cu ( I ^ N C g H ^ C O O ) 2  ' ^ ^ 2 °
The unit cell dimen s i o n s  were d e t e r m i n e d  using
zero- l e v e l  W e i s s e n b e r g  p h o t o g r a p h s  and r o t ation p h o t o g r a p h s
taken about [l0 0 ) , (0 1 0 ) and [901] with nickel filtered
o
CuKa r a d i a t i o n  ( K = 1.54178 A ) . The computer programs
WEISS and ROTOSC (see A p p e n d i x  B) were used in e valuating
o
all cell constants. All m e a s u r e m e n t s  were made at 21 . The 
unit cell d i m e n s i o n s  along w ith other p e r t i n e n t  data are 
given in Table X. It should be n oted that a l t hough the unit 
cell angles are given as 90°, the cell may not be orthogonal. 
This will be di s c u s s e d  further under the p o s s i b i l i t i e s  of 
p s e u d o - s y m m e t r y .
The obser v e d  dens i t y  of C u ( H 2 N C g H 2 C O O ) 2 ’2 h 2° c o r “ 
r e s ponds to two formula units per unit cell. The density 
m e a s u r e m e n t s  were made by the use of p y c n o m e t r y  using an 
a queous soap solution of known d e n s i t y  to ensure the w e t t i n g 
of the C u ( H 2 N C g H 4 C O O ) 2  *2 H 2 O powder.
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a = 17 
b = 6
c = 6
a = 90 
P = 90 
V = 90
Table X
Crystal Data for C u ( H 2 N C 6 H 4 C O O ) 2 •2 H 20
.139 A V = 733.040 A 3
.904 Dm = 1.660 g.cm 3
.195 D x = 1.683
5 Z = 2
5 S y s t e m a t i c  A b s e n c e s
h k O : h = 2 n + 1  
hOO: (h = 2n + 1)
/ b
The fol l o w i n g  space group syst e m a t i c  absence was o b ­
served on W e i s s e n b e r g  and p r e c e s s i o n  films: hkO, h = 2n + 1.
In t ensity s t atistics indicated a c e n t r o s y m m e t r i c  space group.
Axial a s s i g n m e n t s  were made on the a s s u m p t i o n  that the space
4 3group was Pmma.
5. I n t ensity M e a s u r e m e n t s
In t ensity data for Cu (I^NCgH^COO) 2  * 2 H 2<"> were 
ga t h e r e d  wit h  nickel filtered CuKa r a d i a t i o n  ( K = 1.54178 
using a Charles Supper e q u i - i n c l i n a t i o n  single crystal d i f ­
fractometer, w h i c h  was out f i t t e d  w ith a type 85010100 Norelco 
s c i n t i l l a t i o n  tube c o n n e c t e d  to a N o r e l c o  elect r o n i c  circuit 
p anel model 12206/7. The inte g r a t e d  i n t e n s i t i e s  of the r e ­
flections were m e a s u r e d  by scanning each peak with a Pace- 
Supper control unit m o u n t e d  on the diff r a c t o m e t e r .  Stati o n a r y  
counts were taken on either side of the peak to de t e r m i n e  the 
b a c k g r o u n d  level. P e r t i n e n t  i n s t r u m e n t a l  settings and m e a s ­
urem e n t  p a r a m e t e r s  are given in Table XI. Prior to the 
int e n s i t y  m e a s u r e m e n t  p r o c e d u r e  a series of check r eflections 
were recorded. During the course of in t e n s i t y  measurement, 
these r e f l e c t i o n s  were r e m e a s u r e d  after every 25 r eflections  
to check for p o s s i b l e  i n strument malf u n c t i o n .
Two c r y stals were used in c o l l e c t i n g  the intensity  
data. Layers 0-6 were recor d e d  for a crystal m o u n t e d  on 
the c-axis and layers 0 - 8  for a crystal m o u n t e d  on the a- 
axis. To det e r m i n e  the net r e l ative i n t e n s i t y  of a peak, 
the two b a c k g r o u n d  counts were first averaged, then m u l t i ­
plied by 2  to correct for the d i f f e r e n c e  in b a c k g r o u n d  and
>
0
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Table XI
I n s t r u m e n t a l  S e t tings and M e a s u r e m e n t  Param e t e r s
R a d i a t i o n :
F i l t e r :
B a c k g r o u n d  C o u n t i n g  Time:
Peak S c a n n i n g  Time:
B a c k g r o u n d  C o u n t i n g  Position:
Scan R a t e :
D e t e c t o r  Voltage:
P.H.A. Baseline:
P.H.A. Window:
Time Constant:
Chart Speed:
X-Ray Voltage:
X-Ray Amperage:
CuKa
Ni
50 sec 
1 0 0  sec
1.67° on either side of c a l ­
culated pea k  p o s i t i o n
2 °/min (8000 p o s i t i o n  on control)
880 volts
5 volts
13 volts
2 . 0
30"/hour 
35 kV 
15 mA
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pe a k  c o u nting times. The average b a c k g r o u n d  was then su b ­
tracted from the overall peak i n tensity to give the net 
relat i v e  peak intensity. After being corrected for Lorentz
and p o l a r i z a t i o n  factors, the two sets of data were cross-
44scaled and corr e l a t e d  using the m e t h o d  of Hamilton.
A two sigma test was used to ascertain w hich r e ­
flections were to be c o n s i d e r e d  observed. In this test any 
r e f l e c t i o n  wit h  a net i n t ensity not greater than two times 
the square root (s i g m a ) of the total b a c k g r o u n d  count is 
c l a s s i f i e d  as an u n o b s e r v e d  reflection. Of the 742 r e ­
flections recorded, 451 were treated as observed.
6 . A t t e m p t e d  Solution and D i scussion
The attempt to solve the crystal structure of 
C u ( H 2 N C g H ^ C O O ) 2 '2 H 2 O has thus far pro v e d  unsuccessful. A c ­
cord i n g  to the e x t i n c t i o n  conditions, this compound should 
be l o n g  to one of three p o s s i b l e  ort h o r h o m b i c  space groups, 
i^ .e^ . , P m m a , Pma2 or Pmc2^. An analysis of intensity sta- 
t i s t i c s — a proc e s s  w h e r e b y  the obser v e d  i ntensities are 
c o m p a r e d  to various a v e raged v a l u e s - - c l e a r l y  indicated that 
the structure was c e n t r o s y m m e t r i e , i_-e^ . r had a center of 
symmetry. Of the three p o s s i b l e  space groups only Pmma is 
c e n t r o s y m m e t r i c , so this seemed the likely choice. However, 
from this p oint on a series of irrecon c i l a b l e  a n omalies were 
e n c o u n t e r e d .
45
In a survey con d u c t e d  by Nowacki, it was found 
that ne a r l y  60% of the surveyed crystals were d i s t r i b u t e d  
among only 8  of the p o s s i b l e  230 space groups, and Pmma is 
not among these 8  common groups. More importantly, this
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space group seems to place too man y  symmetry r e s t r i c t i o n s  on
the atom p o s i t i o n s  in Cuf H . N C . H  COO) . ^ H  O. For this com-
2 b 4 2 2
p ound Z = 2, thus there are two coppers, four p a r a -amino- 
benzoate ligands and four water m o l e c u l e s  per unit cell. 
However, in order for the atoms of the organic ligand and 
of water to lie on general positions, i^ .e^ . , p o s i t i o n s  which 
do not lie on symmetry elements, there would have to be 
eight ligands and eight waters per unit cell, and this r e ­
quires that Z = 4, not 2. With Z = 2 every atom must lie 
on a special position; one conseq u e n c e  of such a situation 
is that the entire organic ligand must be p e r f e c t l y  planar.
In spite of the seemingly unreal i s t i c  s y m metry r e ­
quirements, the assu m p t i o n  was made that Pmma was the correct 
space group and a P a t t e r s o n  map was generated. At this 
point a third p r o b l e m  was encountered. The s t r ongest peak 
on the P a t t e r s o n  was located at u = 0, v = \ , w = 0, a p o ­
sition not r e c o n c i l a b l e  with the symmetry inherent in Pmma.
A second peak wit h  an intensity a p p r o x i m a t e l y  o n e - t h i r d  that 
of the 0 , ^ , 0  peak was found w hich did agree wit h  the s y m ­
m etry and, in spite of its low intensity, it was assigned 
as arising from a Cu-Cu vector. U sing the ph a s e s  c alculated 
from the p o s t u l a t e d  copper positions, a Four i e r  m a p  was p r o ­
duced but again p r o blems were met. First, p eaks were found 
on the map w h i c h  did not lie on the symmetry e l e ments as 
r e q uired by the as s u m p t i o n s  made. Secondly, the m a j o r i t y  
of the peaks on the Fourier made no chemical sense, ,
no semblance of any rec o g n i z a b l e  chemical entit i e s  could be
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found. This was in ma r k e d  contrast to the case with bis (o r t h o - 
aminobenzo a t o ) c o p p e r ( I I )  where fragments of the ring system 
and likely Cu-0 and Cu-N d i stances were read i l y  located. A t ­
tempts at r e f i n i n g  and solving the structure with those few 
atoms that did meet symmetry and chemical r e q u i r e m e n t s  proved 
futile, no s ignificant r e duction in the R - f actor was ever 
accomplished. In addition, during the course of refinement, 
large t e m p e r a t u r e  factors were gen e r a t e d  for the atoms. B e ­
cause an increase in a te m p e r a t u r e  factor dec r e a s e s  the value 
of the scatt e r i n g  factor, such b e h a v i o r  often repre s e n t s  an 
attempt by the r e f i n e m e n t  met h o d  to remove an atom from its 
assigned p o s i t i o n  by spreading the electron d e n s i t y  over a 
large volume.
R e a l i z i n g  that no p r o gress was b eing made with Pmma,
it seemed pla u s i b l e  that the i n t ensity statistics had given
false indica t i o n s  and that the space group was actually
n o n - c e n t r o s y m m e t r i c . Both n o n - c e n t r o s y m m e t r i c  space groups
allow the p l a c e m e n t  of the ligand and w ater atoms on general
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pos i t i o n s  but Pmc2^ could not be justified m  terms of
either of the strong peaks on the Pat t e r s o n  map and so was
rejected. The second strongest pea k  could be justified on
47the basis of the symmetry in Pma2 if the assum p t i o n  was 
made that the z coordinate of the 2 c set of special p o s itions 
is very close to 0.0. A Fourier map was c a l c u l a t e d  but, as 
with Pmma, the r e sulting atom p o s i t i o n s  made no chemical 
sense and no r e duction in the R-factor was ever achieved.
The Four i e r  maps also e x hibited symmetry elements which 
should not have been pres e n t  for Pma2. Again, the refi n e m e n t
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proc e s s  gen e r a t e d  s u s p i c i o u s l y  high temper a t u r e  factors.
Rigorous r e m e a ^ u r e a e n t  of films confirmed all cell 
c o n stants and the crystal dens i t y  was r e d e t e r m i n e d  using the 
f l oatation method rather than pycnometry, but all results 
checked with those p r e v i o u s l y  calculated. Thus, it seems 
hi g h l y  p r o b a b l e  that the fault lies in the a s s i g n m e n t  of 
the space group or even more b a s i c a l l y  in the i d e n t i f i c a t i o n 
of the crystal class.
The crystal class of a compound can be incorr e c t l y
i dentified if there is the p r e s e n c e  of pseudo - s y m m e t r y .  For
example, a m o n o c l i n i c  lattice with the n o n - o r t h o g o n a l  angle
being very close to 90° may lead to the false conclusion
that the system is o r t h o r h o m b i c . On the p o s s i b i l i t y  that
this m ight be the case with Cu ( ^ N C g H ^ C O O )  2  ' , solution
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and r e f i n e m e n t  was att e m p t e d  using the space group, P2/c, 
a m o n o c l i n i c  space group with the same symmetry e x t i n ctions 
as Pmma. However, as before the results were c h a r a c t e r i z e d  
by u n i n t e r p r e t a b l e  Pat t e r s o n  maps and the inability to lower 
the R-factor.
Space group d e t e r m i n a t i o n  is gen e r a l l y  carried out 
by an e x a m i n a t i o n  of exti n c t i o n  conditions, , the s y s ­
tematic absences of refl e c t i o n  spots on a W e i s s e n b e r g  or 
p r e c e s s i o n  film. Each type of absence is indicative of an 
element of symmetry, for example, hOO r e f l e ctions with 
h = 2 n + 1  absent reveals a twofold screw axis parallel to 
the a-axis. Therefore, any set of extraneous spots, e s ­
p e c i a l l y  ones that occupy po s i t i o n s  where there should be
absences, will lead to an improper s e lection of a space group.
These e x t r a n e o u s  spots can arise from a number of sources
such as satellite crystals, f r a ctured crystals, double crys-
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tals or Ren n x n g e r  spots. However, the great e s t  source of 
these spots is from twin n e d  crystals. A d i s t i n c t i o n  m ust be 
m ade b e t w e e n  a double crystal and a twinned crystal. The 
former defines two crystals w h i c h  are attached to each other 
in a more or less ra n d o m  fashion, while the latter des c r i b e s 
the e x i stence of two separate lattices w h i c h  are symmetry  
related and often appear to be one crystal. It must be 
stressed that the o r i e n t a t i o n s  of the twinned lattices are 
not r a n d o m  but often share a common lattice plane or axis 
w h i c h  is c o n s t a n t  for any example of one species. T w i nning 
always involves the a d d i t i o n  of a plane or axis of symmetry 
and, as a result, the c o m posite crystal may be of a higher 
s y m metry than the i n dividual crystals. Due to the s y m ­
m e t r i c a l  a r r a n g e m e n t  of the two twins, the d i f f r a c t i o n  spots
often i nterleave ther e b y  m a s k i n g  sets of systematic absences.
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A c c o r d x n g  to Buerger crystals w h i c h  b e l o n g  to space groups 
w ith very few or no s y stematic absences should be regarded 
w ith suspicion. Pmma has only one e x t i n c t i o n  condition, 
hkO, h = 2n + 1 (hOO, h = 2n + 1 is a n e c e s s a r y  c o n dition of 
the first) and this may be an i n d i c a t i o n  of twinn i n g  in 
C u ( H 2 N C 6 H 4 C O O ) 2 •2 H 2 0.
A number of m e t h o d s  are a v ailable for the d e t e c t i o n  
of twinning. E x a m i n a t i o n  of a twin crystal with a p o l a r ­
izing m i c r o s c o p e  will often show o p t i c a l l y  d i s tinct areas
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and double d i f f r a c t i o n  spots or a set of syste m a t i c  absences 
w hich do not fit any space group also tell of twinning. A l ­
though none of these m a n i f e s t a t i o n s  were found wit h  
Cu (I^NCgH^COO) 2  ’ ^ H 2 ° ' t*ie effects of t w i nning can be insidious. 
A number of s t ructures have been suppo s e d l y  solved, only to 
have it turn out that the data was g a t h e r e d  on a twin crystal 
and that the space group, crystal system and atomic a r r a n g e m e n t  
were incorrect. A l t h o u g h  the conn e c t i o n  is dubious, it is
in t e r e s t i n g  to note that p a r a - a m i n o b e n z o i c  acid is one of
5 1 , 5 2
those m a t e r i a l s  that r e a d i l y  forms twin crystals.
Ope r a t i n g  on the a s s u m p t i o n  that twinn i n g  is the 
source of the u n i n t e r p r e t a b l e  results, the next obvi o u s  step 
is to prep a r e  new single crystals. It is c o n c e i v a b l e  that by 
a l t ering the d i f f u s i n g  m e d i u m  to a very weak acetic acid 
solution instead of pure water, or by c h a nging the copper 
salt anion, it may be p o s s i b l e  to avoid the twinning. L i k e ­
wise, e x a m i n a t i o n  of the e x i s t i n g  crystals under a more 
po w e r f u l  p o l a r i z i n g  m i c r o s c o p e  m a y  reveal the p r e s e n c e  of 
twinning, in which case it m ight be p o s s i b l e  to separate the 
twins mechanically.
In this w ork all atomic scatt e r i n g  factors were taken
2 7
from those tab u l a t e d  by Hanson, and all c r y s t a l l o g r a p h i c
c o m p u t a t i o n a l  work was p e r f o r m e d  wit h  the N a t i o n a l  R e s earch
31
Council of Canada C r y s t a l l o g r a p h i c  Programs.
B. C o m p u t e r  Programs
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OS/HASP
T i t l e : 
Obj e c t :
I n p u t :
O u t p u t :
II U.N.H. P r o g r a m  37
C o m p i l e d  Jan., 1974
S i g n i f i c a n c e  Test for Net Peak I ntensities (Counter
Data)
To det e r m i n e  if the net i n t ensity of a r e f l e c t i o n  is 
s u f f i c i e n t l y  greater than the total b a c k g r o u n d  count 
to w a r r a n t  c l a s s i f y i n g  it as an o b s e r v e d  r eflection
TITLE any inform a t i o n
BKT b a c k g r o u n d  c o u nting time. This p r o g r a m
a u t o m a t i c a l l y  adjusts the b a c k g r o u n d  count 
to the value it would have if the peak 
count i n g  time and the b a c k g r o u n d  counting 
time were the same.
P KT peak c o u nting time
S level of sig n i f i c a n c e  constant. If the net
p eak count is grea t e r  than (S)*(SIGMA) where 
S IGMA equals (total b a c k g r o u n d ) ^  then the 
p eak is cons i d e r e d  an observed. Values of
1.0, 2.0, or 3.0 are g e n e r a l l y  used.
M H ,M K ,ML h ,k ,1 values
BK1 b a c k g r o u n d  count before peak
PK total pea k  count
BK2 b a c k g r o u n d  count after peak
IEOF end of file i n dicator (1 if last, 0 o t h e r ­
wise)
The p r o g r a m  prints h,k,l, net i n tensity and an i n ­
d i c a t o r  for each reflection. An i n dicator of 1 
i n d icates an u nobserved, an indicator of 0  indicates 
an observed.
The p r o g r a m  p u n c h e s  cards suitable for input into 
U N H - 2 6 .
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Cards: (1)
(2)
(3)
Title Card, any information, all columns 
F O R M A T (20A4)
Dire c t i v e s  Card F O R M A T (2 F 7 .2,F 5 .2)
Columns 1-7 BKT 
8-14 PKT 
15-19 S
Planes Cards 
Columns 1-4 MH
5-8 MK
9-12 ML
13-21 BK1
22-30 PK
31-39 BK2
40-59 blank
60 IEOF
F O R M A T ( 3 1 4 , 3 F 9 .2,20X,I1)
Pr o g r a m m e d  by Lange
\ N  I V  G LEVEL 21 MA IN DATE = 7 4 2 2 5
C UNH-3 7 WR I T T EN BY LANGE,  JANUARY 1 9 7 4
C T H I S  PROGRAM I S  FOR USE WITH R E F L E C T I  GN DATA GATHERED WI TH  COUM
C E QU I PM E N T .  I T S  PURPOSE I S  TO TEST EACH R E F L E C T I O N  TO SEE I F  I T
C S U F F I C I E N T L Y  GREATcR THAN THE BACKGROUND COUNT TO BE CONSI DERED
C AN OBSERVED R E F L E C T I O N .  THE S E V E R I T Y  OF THE TEST I S  S P E C I F I E O  (
C THE U S E R .
D I M E N S I O N  TI  TLE ( 2 0 )
1=0 
I  1 = 0
I N T E G E R  K E A D R , P R I N T R , P U N C H  
REACR=5  
P RI NT R=6  
PUNCH=7
P E A C ( R E A D R , 9 0 9  H T I T l  E( I ) ,  1 = 1 , 2 0 )
WRI TE(  PRI  NTR , 9 1 9 )  ( T I T L E I I ) , 1 = 1 , 2 0 )
W R I T E ( P R I N T R , 9 0 6 )
1 0 0  R E A D ( R E A D R , 9 0 0 ) B K T , P K T , S  '
102  R E A D ( R F A D R , 9 0 1 ) M H , M K , M L , B K l , P K , B K 2 , I  EOF 
BK= {< B K l + B K 2 ) * P K T ) / I  2 * B K T )
S IG MA=SQRT( BK)
T E S T = S *  SI  GMA 
F I N  T = P K - B K  
1 F { F I  N T ) 2 5 0  , 2 5 0 , 5 0 0  
5 0 0  I F l  F I N T - T E  ST)  2C0  , 3 0 0  , 3 0 0  
2 5 0  F IN T=0  . 0  
2 00  I ND R=1
WRI TE ( PR IN TR , 9 0 2  ) MH , MK , ML , F I  NT , I NDR 
WRI TE< P U N C H , 9 0  3 )  MH,MK , ML , PK , P < T , bK 1 ,  8 K 2 ,  BK T ,  I NDR  
I =1 +1 
GO TO 3 5 0  
3 0 0  I ND R=0
WRI T E I P R I N T R  , 9 0 2 ) MH, M K , M L , F I  N T , I ND R  
W R I T E ! P U N C H , 9 0 3 ) M H , M K , M L , P K , P K T » B K 1 , B K 2 » B K T , I N D R  
I 1=11 + 1 
3 5 0  I F !  I h O F 1 4 0 0 , 1 0 2 * 4 0 0  
4 0 0  W R I T F I P R I N T R , 9 0 6 ) 1  
v»RI TE(  PRI  N T R , 9 0 7 ) 1  I
9 0 0  FORMAT!  2 F 7 . 2 , F 5 . 2 )
9 0 1  F 0 R M A T ( 3 1 4 , 3 F 9 . 2 , 2 0 X ,  I  1)
902 F 0 R M A T I 3 I 5  , F 9 . 2 , 1 0 X ,  I I  )
9 03  FORMAT ! 31 3 , F 8 .  1 , 4 F 7 .  1 ,  1 4 X , 11 )
9 0 6  F OR MAT( 1 5H UNCBSERVEOS= , 1 7 )
9 0 7  F OR WAT( 1 3H CBSFRVEDS= , 1 7 )
9 0 8  F O R M A T ( 4 1 H  H K L I N T E N S I T Y  I N D I C A T O R )
9 0 9  F ORMAT( 2 0 A 4 )
9 1 9  F O R M A T ! 1 H 1 2 0 A 4 )
END
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FILM A3 S 20: 06 FRIDAY AUG 9* 197 4
00  I 0 
C0 1 5 
0 0 1 6  
002 0 
G025  
0026 
60 2 7  
003  3 
G240
035  3 
306  0 
007 0
033 0  
009 0 
0 1 0 0  
0 1 1 0  
0123 
0 1 3 0
014 0  
G 1 4 I
0 1 4 2
0 1 4 3
015 0  
0 1 5 1 
0 1 6 0  
0 1 7 0  
013 0 
019 0 
0 2 0 3  
02 10 
322 0
0 2 3  0
0 2 4  0 
G£ 6 3 
02 6  0 
027 3 
023 0 
029 0 
03 03  
03 10 
0 3 2 0  
0 3 3 0  
G34 0
034  1 
0 3 4 2  
0 3 4 5  
S3 4 6 
0 3 4 7  
G343 
0 3 5 0
036  0
037 0
1 1 0  FORMATC 
115 FORMAT( 
0. 0,0. 0* )
120  FORMAT<
125
126  
127
130  
143 
150  
160  
170  
130  
19 0 
200 
2 10 
220 
2 3 0  
24  0 
2 4  1 
2 4 2
5  E l  MG R E A D ? ' )
TYPE G I F  MO.* T YF E  1 I F  Y E S ' )
FORMAT( /  /  • WHAT ARE THE NUMBERS OF THE F I L M S  
FORMATC’ (U P P E R  F I  LM* LOVER F I L M ) ’ )
F O R M A T C / / / ’ COMPARISON OF F I  LM ’ * 2 X ,  I  4 ,  2X* • TO F I L M ’ * 2 X * I 4 )
FO RMAT( 
FORMATC 
FORMATC 
FORMATC 
FORMATC 
F 0 RM AT C 
FORMATC 
FORMATC 
FORMATC 
FORMATC 
FORMATC 
FOTIMATC /  /  ’ 
FO RMAT C 
FO RMAT C
DO YOU WANT I N S T R U C T I O N S ? * )  
WHEN THE END OF TH E DATA I S REACHED T Y P E  9 9 9 *  %
PROGRAM F I L M A 5 S :  Y R I T T E M  BY LANGE* A P R I L  1 9 7 3 * )  
T H I S  FROGRAM I S  D ES IG N ED  TO CALCULATE THE F I L M * )  
ABSORFTIOM FACTOR BETWEEN TWO F I L M S  I N  A M U L T I - * )  
F I L M - L A Y E R  IN T EG R A TE D  WEI SSEMBEF.G PHOTOGRAPH*)
THE FOLLOWING IN F O R M A T IO N  MUST BE READ I N : ’ )
MS FT TO ’ )
U P F IL M
ALOFLM
ABS i 
26  0 
27 0 
23 0
THE NUMBER OF THE SPOT B E IN G  USED 
COMFARE TWO F I L M S ’ )
THE NET CORRECTED O P T IC A L  D E N S IT Y  O F * )  
THE SPOT ON THE UPPER F I L M ’ )
THE NET CORRECTED O P T IC A L  D E N S IT Y  O F ’ ) 
THE SAME SPOT ON A LOWER F I L M ’ )
ENTER M S P T * U F F I L M *  ALOFLM ’ )
H A VIN G  CALCULATED THE AVERAGE ABSORPTION FA C T O R ’ ) 
EACH VALUE OF ALOFLM I S  THEN M U L T I P L I E D  BY T H I S  % 
A V E R A G E ' )
2 5 0  F O R M A T C / / 6 X *  ’ S P O T ’ * 5X* ’ F I L M  ABSORPTION FACTOR ’ * 5X* • AVE. % 
FACTOR X A L O F L M ’ )
F O R M A T C / / ’ THE AVERAGE VALUE OF THE F I L M  ABSORPTION FACTOR  
FORMATC 6X*  F 8 , 4 )
FORMATC 5X* I  4 *  12X* FS . 4 *  2 0 X *  FS . 1)
D7. M FN SI  ON N S F T C 2 0 0 ) * U F F I  LM C 2 0 0)  * ALO FLM C 2 0 0 ) * A B S F A C C 2 0 0 ) * F I R S T C  
V R I  TEC 6*  1 1 0 )
VRI  TEC 6 *  1 2 0 )
P.EADC 5*  * )  CODE 
IFC  CODE. E Q . 3 ) GO TO 3 0 0  
T,RI TEC 6*  13 0)
VP.I TEC 6 *  1 4 0 )
V R I  TEC 6* 15 0)
VP.I TEC 6*  16 0 )
VR I  TEC 6 *  17 0)
V R I  TEC 6 *  13 0)
V R I  TEC 6 *  19 0 )
VR I  TEC 6*  2 0 0 )
VP.I TEC 6*  2 1 0 )
RI TE( 6* 220)
V R I  TEC 6*  2 3 0 )
VR I  TEC 6 *  2 4 1 )
V R I  TEC 6 *  2 4 2 )  
t.'RI TEC 6 *  1 15)
3 00  V R I  TEC 6 *  1 2 5 )
V R IT E C  6*  1 2 6 )
READC 5*  *  ) I  UFFLM* I .OFI  LM 
V R I  TEC 6*  2 4 0 )
DO 4 0 0  1 = 1 * 2 0 0  •
READC 5*  * )  MS PTC I  ) *  U P F I L M  Cl ) * ALOFLM ( I  )
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0 3 7 5  I F C M S P T C I ) . E G . 9 9 9 ) G 0  TO 6 0 0  
033 0 I  CODE=I
039 0 A B S F A C C I > = U P F I L M C I > / A L O F L M C I )
0 4 0 0  4 0 0  C O N TIN U E
04 10 6 0 0  SU M=0.  0 
0 4 3 0  DO 5 0 0  1 = 1 * 1  CODE 
0 4 4 0  SUM= SUM + A E 5 F A C ( I )
0 4 5 0  5 0 0  CON TIN U E
0 4 6  0 AVE= S U M / I  CODE
046  1 DO 7 0 0  1= 1*1 CODE
046 2 F I R S T C I ) = A VE *A L O F L M C I  )
046  3 7 0 0  C O N T IN U E
0 4 6 5  V R I  TEC 6 *  I 2 7 > I U P F L M * L O F I L M
0 4 7 0  V R I  TEC 6 *  2 5 0 )
043 0 VP.I TEC 6*  23  0)  CMS PTC I  ) * ABSFACC I )  * F I  RSTC I  ) * I  = 1* I  CODE)
049 0 VRI TEC 6 *  2 6  0 )
05 00  V R I  TEC 6 *  27 0 )  AVE  
0 5 1 0  END
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i F R ID A Y  AUG 9 ,  19 7 4
DO YOU WANT I N S T R U C T I O N S ? ' )
T Y F F  0 I F  MO, TYPE 1 I F  Y E S ’ )
PROGRAM ROTO SC: W R IT T E N  3Y LANGE, OCTOEER 1 9 7 2 * )  
T H I S  PROGRAM I S  D ES IG N ED  TO CALCULATE T H E ' )  
LENGTH OF ONE EDGE OF A D IR E C T  L A T T I C E  U N I T ' )  
C E L L ,  AMD THE D IS T A N C E S  BETWEEN R E C I P R O C A L ’ ) 
L A T T I C E  LAYERS ! Z E T A )  U S IN G  IN F O R M A T IO N  O B TA IN ED  
FROM AN O S C I L L A T I O N  OR ROTA TIO N  FHO TO GRAPH' )
THE FOLLOWING DATA MUST BE READ I N : ' )
TWOYM THE D I S T A N C E !  I N  MM) FROM THE -  N T H ’ ) 
L E V E L  TO THE + NTH L E V E L ’ )
RLEVEL THE VALUE OF M OF THE NTH L E V E L ’ )
BLAMB TH E WAVELENGTH OF R A D I A T I O N  U S E D ’ )
/ ’ ENTER THE WAVELENGTH’ )
ENTER T H E  NUMBER OF DATA PAI  RS! TWOYM, R L E V E L )  ’ ) 
T W O Y M ,R L E V E L ’ )
/  ’ Z E T A / R L E V E L  I S : ’ )
/ ’ THE AVERAGE VALUE OF Z E T A / R L E V E L  I S : ' )
/ ’ THE AVERAGE VALUE OF THE U N I T  CELL EDGE I S : ’ ) 
/ '  L EVEL Z E T A ’ )
X ,  I  2 ,  6 X ,  F7 . 5 ,  2 X ,  ’ RLU ’ )
X , F 7 . 5 , 2 X ,  » RLU ' )
X , F 7 • 5 , 2 X , ' A - 1 ’ )
X ,  F 1 0 .  5 ,  2 X ,  ’ ANGSTROMS ’ )
£ 2 2 0  D IM E N S IO N  Z E T A C 2 0 ) ,  Z E T A N C 2 0 ) ,  N C 2 S ) ,  R L E V E L !  2 0 ) ,  T W O Y N I 2 0 )  
2 2 2 2  W R I T E !  6 ,  1 0 1 )
0 2 2 3  W R I T E ! 6 ,  1 0 2 )
0 2 2 4  READ! 5 ,  * )  CODE
0 2 2 5  I F !  C O D E - 1) 5 0 0 ,  5 1 0 ,  5 10 
02 3  0 5 10 W R IT E !  6 ,  1 1 0 )
0 2 4 0  T,:RI  T E ! 6 ,  1 2 0 )
0 2 5  0 W R I T E !  6 ,  13 0 )
0 2 6 0  W R I T E !  6 ,  1 4 0 )
027 0 W R I T E !  6 ,  15 0 )
023 0 W R I T E !  6 ,  1 5 5 )
029 0 W R I T E !  6 ,  17 0 )
0 3 0 0  w r i  T E !  6 ,  13 0 )
03 10 W R I T E !  6 ,  19 0 )
0 3 2 0  WRI T E !  6 ,  2 0 0 )
0 3 3 0  w r i  T E !  6 ,  2 1 0 )
03 4  0 5 0 0  w r i  T E !  6 ,  2 2 0 )
035  0 READ! 5 ,  *  ) BLAMB
03 6  0 W R I T E !  6 ,  2 3  0 )
037 0 R E A D ! 5 , * ) M N  
033 0 DO 15 1 = 1 ,  MM 
039 G WRI T E !  6 ,  2 4  0)
0 4 0 0  READ! 5 ,  * )  ! TWOYM! I ) , RL E V E L ! I ) )
04 10 15 CON TIN U E
04 2  0 RADI U S =28  . 6 5
043  0 DO 2 5  1 = 1 , MM
0 4 4 0  ZETAM! I  ) = S I N !  AT AM! TWOYM! I  ) / !  RADI U S * 2 .  0 )  ) )
0 4 5 0  Z E T A !  I  ) = Z E T A N !  I  ) / R L E V E L !  I  )
HO TO SC
0001 101 
00G2 102 
0 0 1 0  110 
0 020  120 
0 0 3  0 130  
0 0 4 0  140  
0G5G 150  
0 0 5 5  155  
0 0 7 0  170  
003 0 13 0 
009 e 19 0 
0 10 0  2 0 0  
0 110  2 10 
0 120  2 20  
0 1 3 0  2 3 0  
0 1 4 0  2 4 0  
0 1 5 0  2 5  0 
0 1 6 0  2 6 0  
017 0 27  0 
013 0 23 0 
0 1 9 0  2 9 0  
0 2 0 0  3 0 0  
02 05  3 05  
02 1 0 3 10
1 6 :  25
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
FORMAT!
F O R M A T ! /
FORMAT!
FORMAT!
F O R M A T ! /
FORMAT! /
F O R M A T ! /
F O R M A T ! /
FORMAT! 2
FO RMAT! 5
FORMAT! 5
F O R M A T ! 5
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046  0 N C I ) = I
05 10 2 5  C O N T IN U E
05 15 SU M =0 .  0 
0 5 2 0  DO 3 5  1= b N N  
0 5 4  0 SUM=SUM+ZETAC I  >
0 5 4 5  3 5  C O N T IN U E
058 0 AVE= SUM/MM 
053 5 R L = A V E /B L A M B
059 0 EDG= B LA M B /A V E
06 00  V R I  TEC 6 ,  28 0)
0 6 1 0  V R I  TEC 6 ,  29  0 )  ( N C I  ) , Z E T A M C I  ) ,  I  = 1 , M N )
0 6 2  0 V R I  TEC 6 ,  2 5  0 )
0 6 3  0 V R I  TEC 6 ,  3 0 0 )  C ZETAC I  ) j  1= I *  tJM)
0 6 4 0  V R I  TEC 6 ,  2 6 0 )
065  0 VP.I TEC 6 ,  3 0 0 )  AVE  
0 6 5 5  V R I  TEC 6 ,  3 0 5 )  RL 
0 6 6 0  V R I  TEC 6 j 2 7  0 )
067 0 V R I  TEC 6 ,  3 1 0 )  EDG
068 0 EM D
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WEI SS 1 7 : 0 0 F R ID A Y  AUG 9 ,  19 7 A
0001 
0002 
0 0 0 3  
0010  
0 0 1 5  
002 0 
0 0 3 0  
0 0 4 0  
0 0 5 0  
0 0 6 0  
007  0 
003 0 
009  0 
0100  
0110  
0120  
0 1 3 0  
0 1 4 0 
0 1 5 0  
0 1 6 0  
0 1 6 5  
017 0 
0 1 8 0  
0 1 9 0  
0200 
0202  
02 03 
02 04
02 05  
02 10 
0 220  
0 2 3 0
0 2 4  0
025  0 
0 2 6 0  
027 0 
023 0 
029 0 
0 3 0 0
03 1 0 
0 3 2 3  
33 2 1
0 3 2 2
0 3 2 3
0 3 2 4
0 3 2 5
03 3  0
034  0 
0 3 5 0  
0 3 6 0  
037 0 
033 0
1 0 1
102 
103  
1 10
1 15
120 
13 0  
14 0  
150  
160  
1 7 0  
13 0 
190  
200
2 10 
220 
2 3 0  
2 4  0 
2 5 0  
2 6 0  
2 6 5  
27 0 
23 0 
29 0
FORMATC’ DO YOU WANT I N S T R U C T I O N S ? ’ >
FORMATC’ TYPE 0 I F  MO, T YP E 1 I F  Y E S ' )
F O R M A T C / / ’ HOW MANY DATA SETS ARE TO BE PR O C E S S E D ? ’ ) 
FORMATC' PROGRAM W E IS S :  W R IT T E N  BY LANGE,  OCTOBER 1 9 7 2 ’ ) 
F O R M A T C / / ’ WAVELENGTH OF R A D I A T I O N  U S E D ’ )
FORMATC 
FORMATC 
FORMATC 
FO RMAT C 
FORMATC
T H I S  PROGRAM I S  DESIC-MED TO CALCULATE R E C IP R O C A L '  
L A T T I C E  CONSTANTS FROM DATA O B T A IN E D  FROM A Z E R O '  
LEVEL WEI S SEN BERG PHOTOGRAPH’ )
THE FOLLOWING IN F O R M A T IO N  MUST BE READ I N :  • )
FORMATC 
FORMAT C 
FORMATC 
FORMATC 
FORMATC 
FORMATC 
FORMATC
N
TWOYN
’ RLEVEL
THE NUMBER OF DATA P A I R S ’ )
THE D IS T A N C E  CIM MM) FROM AN A X I A L  S P O T ’ 
ON THE + A X I S  TO TH E C O RRESPONDIN G ’ )
SPOT ON THE -  AX I  S CSEE STOUT AND ’ ) 
J E N S E N ,  FG.  1 1 9 ) ’ )
THE H ,  X ,  OR L VALUE OF THE H 0 0 ,  0 X 0 ,  O R ’
00L  SPOT B E IN G  C O N S ID E R E D ’ )
ENTER THE NUMBER OF DATA P A IR S  C T W O Y N , R L E V E L ) ’ )
EM T ER TWOYM, RL E V E L ’ )
F O R M A T C / / ’ X I  I S * )
FO RMAT C 5X ,  F7 .  5 ,  2X ,  • RLU ’ )
FO RM AT C 5 X ,  F7 . 5 ,  2 X ,  ’ A -  1 • )
FO RMAT C / /  ’ X I  /  RL EVEL I S : ’ )
F O R M A T C / / ’ THE AVERAGE VALUE OF THE R . L .  CONSTANT I S : ’ )
FO RMATC / /  /  ’ ’ )
D IM E N S IO N  TWOYNC 4 0 ) ,  RLEVELC 4 0 ) ,  
WRI TEC 6 ,  1 0 1 )
WRI TEC 6 ,  1 0 2 )
READC 5 , -'X) CODE 
I  EC CODE-  1) 5 0 0 ,  5 0 1 ,  501  
501  WRI TEC 6 ,  1 1 0 )
WRI TEC 6 ,  1 2 0 )
WRI TEC 6 ,  1 3 0 )
WRI TEC 6 ,  1 4 0 )
WRI TEC 6 ,  1 5 0 )
WRI TEC 6 ,  1 6 0 )
WRI TEC 6 ,  17 0 )
WRI TEC 6 ,  18 0 )
WRI TEC 6 ,  19 0 )
WRI TEC 6 ,  2 0 0 )
WRI TEC 6 ,  2 10 )
WRI TEC 6 ,  2 2 0 )
5 0 0  WRI TEC 6 ,  1 0 3 )
READC 5 ,  * ) M N N  
DO 6 0 0  J = 1 , M M M  
WRI TEC 6 ,  1 15 )
READC 5 ,  * )  ELAM3  
WRI TEC 6 ,  2 3  0)
H A D IU S =  23 « 6 5 
READC 5 , * ) M  
DO 25  I = 1 , M 
WRI TEC 6 ,  2 4  0 )
READC 5 ,  * ) C  TWQYM Cl ) ,  RLEVELC I  ) ) ’
Q C 4 0 ) ,  Q Q C 4 0 ) ,  Q A C 4 0 ) ,  QBC 4 0 )
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039  0 2 5  C O N T IN U E
04 0 0 BO 5 0  I=1 .#N
04 10 0.C I  ) = 2 .  0*C SIMC TVOYNCI ) / C  4. 0 * RADI U S ) ) )
0 4 2 0 QGKI ) = Q C I ) / R L E V E L C I )
0 4 2 5 QAC I  ) = QQC I  ) /B L A M B
0 4 2 7 QBCI ) = QAC I  ) *  RLEVEL ( I  )
0 4 3 0 5 0  C O N T IN U E
0 4 4  0 V R I  TEC 6 * 2 5 0 )
0 4 5 0 V R I  TEC 6 *  26  0 )  C QC I  ) j  I  = 1*M)
0 4 5 2 V R I T E C  6 *  2 6 5 ) C Q B C I ) , 1  = 1 * N)
04 5 5 V R I  TEC 6 *  27 0)
046  0 V R I  TEC 6 j  2 6  0 )  C QGCI ) / l  = 1 * N)
04 6  5 V R I  TEC 6 *  2 6 5 )  C QAC I  > j  1 = 1* N)
047 0 SUM= 0» 0
04S 0 DO 7 5  I = l * N
049 0 SUM=SUM + QQCI )
0 5 0 0 7 5 C O N T IN U E
0 5 1 0 A V E =S U M /N
05 1 5 AVER= A V E /  BLAMB
0 5 2  0 V R I  TEC 6 ,  23 0)
053  0 V R I  TEC 6 *  2 6  0 )  AVE
05 35 V R I  TEC 6 *  2 6 5 )  AVER
0 5 4  0 V R I  TEC 6 j  29 0 )
0 5 4 5 6 0 0  C O N T IN U E
0 5 5 0 END
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PREDUCE 1 7 : 3  1 F R ID A Y  AUG 9 ,  1 9 7 4
0 0 1 0  110  FORMATC* DO YOU VANT I N S T R U C T I O N S ? * )
G02G 1 20  FORMATC* TYPE 0 I F  MO.. T YF E  1 I F  Y E S ' )
0P 3 0  1 3 0  FORMATC ’ PROGRAM PREDUCE: VP.I TTEM BY LANGE.. MARCH 1 9 7 3 ’ ) 
0 0 4 0  140 FORMATC’ THE PURPOSE OF T H I S  FRO GRAM I S  TWOFOLD. ’ )
0 0 5 0  150  FORMATC’ F I R S T ,  I T  TAKES THE O F T I C A L  D E N S IT Y  READIN I
0 0 6 0  160 FORMATC’ MADE ON AN IN TE G R A T E D  V E I  S SEN BERG PHOTOGRAPH B Y ’ ! 
007 0 17 0 FORMATC’ A WELCH DEN SI  CHRON AND CONVERTS THEM TO STANDARD 
003 0 18 0 FORMATC’ ASA VALUES V I A  A C A L I B R A T I O N  CURVE.  T H I S ’ )
009 0 19 0 FORMATC' C A L I B R A T IO N  I S  ACCOMPLISHED V I A  A P O L Y N O M I A L ’ ) 
0 1 0 0  2 0 0  FORMATC' O B T A IN E D  FROM A POLYNOMIAL REGRESSION T R E A T M E N T ’ ! 
0 1 1 0  2 1 0  FORMATC’ OF AN EX P E R IM E N TA L L Y  D ETERM INED C A L I B R A T I O N ’ )
0 1 2 0  2 2 0  FORMATC’ CURVE. CSEE * * * S T A T P A C X ) ' )
0 1 3 0  2 3 0  FORMATC' TO CHANGE THE C O E F F I C I E N T S  OF THE P O L Y N O M IA L ’ ) 
014G 2 4 0  FORMATC' THE "DAT A" ST AT EM EM TC 079 0 )  MUST BE C H A N G E D ' )
,0 1 5 0  2 5 0  FORMATC’ SECONDLY, I T  TAKES THE CORRECTED V A L U E S ' )
0 1 6 0  2 6 0  FORMATC’ OF TWO O P T IC A L  D E N S IT Y  MEASUREMENTS M A D E ' )
0 1 7 0  2 7 0  FORMATC' NEAR THE IN TE GR A TED  SPOT AND AVERAGES T H E M . ’ )
0 1 8 0  2 8 0  FORMATC’ THE AVERAGE BACKGROUND VALUE I S  THEN S U B T R A C T E D •!  
0 1 9 0  29G FORMATC' FROM THE CORRECTED TOTAL O P T IC A L  D E N S I T Y  OF T H E ’ ) 
0 2 0 0  3 0 0  FORMATC’ IN T EG R A T E D  SPOT TO G I V E  THE NET CORRECTED OPTICAL  
02 10 3 10 FO RMATC ' DEN S I T Y ’ )
0 2 2 0  3 2 0  F O R M A T C / / ’ WHAT I S  THE NUMBER OF THE F I L M  B E IN G  R E A D ? ’ ) 
0 2 3 0  3 3 0  FORMATC ’ VH AT LEVEL I S  B E IN G  PHOTOGRAPHED? C NUMBER) ’ )
024  0 3 4  0 FORMATC’ WHICH F I L M I N  THE SANDWICH I S T H I S ?  CMUMBER)
02 5 0 35G FORMATC ’ F I L M ’ , I X , 1.4, 3 X , ’ ZERO L E V E L ’ , 5 X ,  ’ F I L M ’ ,  I X ,  %
326G 1 2 ,  2 X , ’ 0 F  S A N D W IC H ’ )
02.7 0 37  0 FORMATC’ F I L M ’ , I X , 1 4 , 3 X , • F I R S T  L E V E L ’ ,  5 X ,  ’ F I L M  ’ , I X ,  %
528 G I 2 ,  2 X ,  ’ OF S A N D W IC H ’ )
029 0 39 3 FORMATC ’ F I L M ’ , I X , I  4 , 3 X , ’ SECOND LEVEL ’ ,  5 X ,  ’ F I L M ’ ,  I X ,  %
G3 G P 1 2 ,  2 X ,  ’ OF SA N D W IC H ’ )
03 1 3 4 10 FORMATC’ F I L M ’ , I X , 1 4 , 3 X , ’ T H I R D  L E V E L ’ ,  5 X ,  ’ F I L M  ’ , I X ,  %
3 3 2  0 I 2 ,  2 X ,  ’ OF S AN DU I  CH ’ )
033  0 43  0 FOFMATC ’ F I L M ’ , I X , I  4 , 3 X , ’ FOURTH L EVEL ’ ,  5 X ,  ’ F IL M  ’ ,  I X ,  %
G 3 4 G I  2 ,  2 X ,  ’ OF SA N D W IC H ’ )
03 5 G 4 5 0  FORMATC’ F I L M ’ , I X , 1 4 , 3 X , • F I F T H  L E V E L ’ ,  5 X ,  ’ F I L M  ’ , I X ,  %
03 5 5 1 2 ,  2 X ,  ’ OF S A N D W IC H ’ )
0 3 6 0 4 6 3  F 0 R M A T C / 3 X ,  ’ S P O T ’ , 3 X , ’ CO R R E C T E D ’ , 3 X , ’ CORRECTED ’ , 3 X ,  %
0 3 7 0  ’ CORRECTED’ , 3 X , ’ COHFECTED N E T ’ )
G33 0 43 0 FORMATC 1 I X ,  • BACKC 1 ) ' ,  6 X ,  • PEAK ’ ,  7 X ,  • BAC.KC 2) ', 5 X ,  %
039 0 ’ PEAK X 1 0 0 0 ’ )
0 4 0 0  5 0 0  FORMATC1 7 , 3 X , F 7 . 4 , 5 X , F 7 . 4 , 5 X , F 7 . 4 , 5 X , F 3 . 1)
G4 1G 5 10 F O R M A T C / ’ G IV E N  A POLYNOMIAL OF TH E FOLLOWING F O R M : ’ )
0 4 2 3  5 2 0  FORMATC’ I + B 1 * X + B 2 * X * * 2 + B 3 * X * * 3 + B 4 * X * * 4 ’ )
0 4 3 0  5 3 0  FORMATC’ THE VALUES USED I N  T H I S  PROGRAM W E R E : ’ )
0 4 4 0  5 4 0  FORMATC’ I -  ’ ,  F3 . 5 ,  2 X ,  ’ B 1= ’ ,  F3 . 5 ,  2 X ,  ’ B2= * , F 8 . 5 , %
0 4 5 0  2X , ’ B 3 = ’ , F 3 .  5 , 2 X ,  ' 3 4 =  ’ , F 3 . 5 )
0 4 6 0  5 6 0  FORMATC' HOW MANY R E F L E C T IO N S  ARE TO BE PR O C E S S E D ? * )
G 4 7 0 5 7 0  FORMATC* ENTER SPOT,BACKC 1 ) , P E A K ,B A C K C 2 )  * )
043 0 53 0 F O R M A T C / / '  * * * * * * * * %
043 5 '-‘f- *  *  *  *  w ^  'r ' f  *  *  ^  *  *  ’ )
049 0 D IM E N S IO N  EK I C 2 0 0 ,  B X 2 C 2 G 0 ) ,  FKC 2 0 0 ) ,  CEK1C 2 0 0 ) ,  C E K 2 C 2 B 0 ) , %
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0 5 0 0  N S P T C 2 B 0 )  ,  CMPXC 2 0 0 )  ,  AVEBK< 2 0 0 )  ,  CPKC 2 0 0 )
05 10 V P I  TEC 6 ,  1 1 0 )
0 5 2 0  V R I  TEC 6 ,  1 2 0 )
0 5 3 0  F.EADC 5 . , * )  CODE
0 5 4 0  I  F< CODE. EQ. 0 )GO TO 59 0
055 0 V R I  TEC 6 ,  1 3 0 )
056 0 V R I  TEC 6 ,  14 0)
057 0 VR I  TEC 6s 1 5 0 )
053 0 V R I  t e ( e ,  16 0 )
059 0 VP.I TEC 6s 17 0 )
0 6 0 3  V R I  TEC 6s 1 3 0 )
06 05  V R I  TEC 6s 19 0 )
06 1 0 VP.I TEC 6s 2 0 0 )
0 6 2 0  V R I  TEC 6 , 2  10)
06 3 3 V R I  TEC 6s 2 2  0 )
064  0 V R I  TEC 6s 2 3  0 )
0 6 5 0  V P I  TEC 6 ,  2 4 0 )
0 6 6 0  V R I  TEC 6 , 2 5 0 )
067 0 V P I  TEC 6s 26  0 )
363 0 V R I  TEC 6 ,  27 0 )
069 3 V R I  TEC 6 ,  23 0 )
37 00  V R I  TEC 6s 29 0 )
37 10 V P I  TEC 6s 3 0 0 )
07 2 0 V P I  TEC 6 ,  3 1 0 )
0 7 3 3  59G V P I  TEC 6 ,  3 2 0 )
07 4 0 P.EAD C 5 ,  *  ) I  F I  LM 
07 5 3 VP.I TEC 6 ,  33  0 )
07 6  G READC 5 ,  * )  LE VE l .
077 0 V R I  TEC 6s 3 4 0 )
373 0 READC 5 , * )  J F I L M
07 9 3 DATA DI  , B  1, 3  2 ,  B 3 ,  B 4 / - 0 .  0 1 3 0 2 ,  0 . 3 9  2 ,  0 .  09 1 1, -  0 .  03 4 6 ,  0 .  0 0 4  0 4 /  
G3G0 V R I  TEC 6 ,  56  0 )
03 13 READC 5 ,  * ) M 
03 15 V P I  TEC 6 ,  57 0)
03 2 0 DO 6 0 0  I  = 1 , M
03 3 0 READC 5 ,  *  ) M 5 F T C I ) , B K 1C I ) , PK C I ) , EK 2 C I )
0 3 4 0  6 G 0  COMTIMUE  
03 5 0 DO 6 10 1 = 1 ,  M
03 6 0 C B X 1C I ) = D I + B 1 * 3 K 1C I ) + E 2 * B X 1C I ) * * 2  + B 3 * B K 1C I ) **3 + 3 4 * B X I C  I  ) * * 4
03 3 0 C P X C I ) = D I + 3 1 * P X C I ) + 3 2 * P X C  I ) * * 2 + B 3 * P X C  I  ) * *  3 + 3 4 *  PXC I  ) * * 4
G9 00  C B X 2C I ) = D I + B 1 * 5 X 2 C  I  ) + B 2 *B K 2 C  I  ) * *  2 + 3 3 * B X 2 C  I  ) * *  3 + B 4 *B K 2 C  I  ) * *  4
09 2 0  A V E 3 X C I  ) = C C B K 1 C I ) + C B K 2 C  I ) ) / 2 .  0
G9 3 0 CM PK C I )  = C C F K C I ) - A V E E K C I  ) ) * 1 0 0 0 .  0
•2940 6 1 G COMTIMUE
09 5 0 L L EV EL = L EV EL + 1
0 9 6  3 GO TOC 6 2 0 ,  6 3 0 ,  6 4 0 ,  6 5 0 ,  6 6 0 ,  67 G ) , L L E V E L  
0 9 7 0  6 2 0  VP.I TEC 6 ,  3 5 3 )  I  F I  L M ,  J E I  LM 
093 0 GO TO 63 0
099 3 63  0 V P I  TEC 6 ,  37 0 ) 1  F I  L M , J F I L M  
10G0 GO TO 63 0
1 0 1 0  6 4  0 VP.I TEC 6 ,  39 3)  I  F I L M ,  J F I L M  
1 3 2 0  GO TO 63 0
1G33 6 5 0  V R I  TEC 6 ,  4  1 ©) I  F I L M ,  J F I  LM •
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1 0 4 0  GO TO 68  0
1 0 5 0  6 6 0  V R I  TEC 6 ^ 4 3  0 ) 1  F I  LM ^  J  F I  LM 
106 0 GO TO 68 0
1 0 7 0  6 7 0  V R I  TEC 6 *  4 5 0 )  I  F I L M *  J F I  LM 
103 0 68  0 V R I  TEC 6., 4 6 0 )
109 0 V R I  TEC 6 j  43  0 )
1100  V R I  TEC 6* 5 3 0)  (MS PTC I  )j CEK 1 ( I  ) j  CFXC I  ) CBX2C I ) ^ C M P K C I ) ^ I = 1 j M )
1 120  VRI TEC 6 j  5 1 0 )
1 1 3 0  V R I  TEC 6 j  5 2 0 )
1 1 4 0  V R I  TEC 6> 5 3 0 )
1 1 5 0  V R I  TEC6. ,  5 4 0 )  D l . ,  Bl, E 2 ,  B 3 , B 4  
1 1 6 0  V R I  TEC 6 j  58 0 )
117 0 END
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